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In Part I of this series we have emphasized the fact that anemia must 
be regarded as a disease of the erythron, that is, as a disease which not only 
may affect the red cells in the circulating blood, but also their precursors in 
hemopoietic centres of the marrow and elsewhere, although both portions of 
the erythron do not necessarily suffer to the same extent nor even at the same 
time. Such a conception is of particular importance in the consideration of 
the destructive diseases of the erythron. These disorders are usually spoken 
of as the hemolytic anzemias, and although we shall make use of this term, 
it is, in our view, not sufficiently embracing. It stresses the destruction of 
red cells in the blood stream (hemolysis), whereas often there is also 
evidence of damage to, or sometimes paralysis or destruction of, the 
hemopoietic centres (aplastic anemia). Therefore we suggest that these 
destructive diseases of the erythron should be called ‘ erythronoclastic 
anemias ” as a more correct, if less euphonious, title than hemolytic 
anemia. These anzmias are of the hyperchromic type and show marked 
unisocytosis and poikilocytosis. If the haemopoietic centres are not too 
severely damaged to respond to the call for new cells, reticulocytosis, 
polychromasia, megaloblastosis and normobiastosis occur. The presence of 
megaloblasts and normoblasts in the peripheral circulation has not the same 
significance as in the deficiency anzemias, because in them the maturation of 
the erythrocyte cannot take place unless the missing factors are supplied, 
whereas in the erythronoclastic anzemias these immature cells appear in 
the peripheral circulation only because blood formation is extremely active. 


A 
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For the sake of convenience and clarity we have divided the erythrono- 
clastic anemias into two main groups:—(a) those occurring in the neonata 
period (first four weeks of life) which are described in this paper, and 
(b) those occurring in later infancy and childhood (see Part V). Damage to 
the marrow, and to the extra-medullary hemopoietic portions of the erythron 
if still in existence, is more frequent in the latter group, but it occurs in both. 

The erythronoclastic anemias of the neonatal period may be classified 
as follows : — 

Group 1. Hemolytic anemia of the new born. 
A. With hydrops foetalis; 
B. With icterus gravis; 
C. Without oedema or icterus gravis. 
Group 2. Hemolytic anemia later in the neonatal period without 
cedema or icterus gravis. 

In the following pages these groups are first described clinically, after 
which a description is given of the pathological changes found in association 
with each group. 


Group I. Hzmolytic anzemia of the new born. 


In many examples of this form of anemia, whether associated with 
dropsy or grave jaundice or not, there is a high degree of erythroblastemia; 
for this reason they have recently been grouped under the head of 
‘ erythroblastosis of the new born,’ and the suggestion has been made that 
they are clinical varieties of the same underlying ‘ erythroblastic process.’ 
The evidence in favour of this view has been based upon : —(a) the similarity 
of the pathological appearances and the blood picture in the three varieties; 
(b) the presence at birth of jaundice in some cases of hydrops foetalis; (c) the 
occurrence of a mild degree of cedema in some cases of icterus gravis; (d) the 
incidence in the same family both of hydrops fcetalis and icterus gravis. 
This hypothesis will be discussed later, but here it may be stated that some- 
times hydrops fcetalis shows little or no pathological evidence of an 
* erythroblastic process ’; that in some cases of anemia of the new born, in 
our opinion hemolytic in nature, erythroblastemia does not occur at any 
rate until recovery begins; and that grave familial jaundice may not show 
erythroblastemia at birth. 


A. Hemolytic anzemia with congenital hydrops fcetalis (Erythroblastosis 
foetalis). —The infant suffering from this condition is most frequently still- 
born; it may, however, be born alive to survive only a few hours or days. 
The degree of dropsy is variable, and although perhaps more marked in 
one part of the body than another, it is usually generalized. Ascites is 
usually present and may be of such degree as to obstruct labour; indeed, 
sometimes the infant’s abdomen has to be perforated before delivery can 
occur. Not infrequently fluid in considerable amounts is present in the 
pleural and pericardial cavities, and the placenta and umbilical cord may be 
cedematous. There is marked enlargement of the liver and spleen accounting 
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in part for the abdominal distension, and Clifford and Hertig' found in their 
eases that the heart was enlarged to twice its normal size, an observation 
we can confirm. Jaundice may be present but only to a slight degree, and 
there is marked pallor. Examination of the blood shows a severe anemia, the 
red blood count having been recorded as under half a million cells per c-mm., 
and there is a striking erythroblastemia, the number of nucleated red and 
white cells found by different observers varying from 5,000 to 297,000 per 
e.mm., of which the greater number are nucleated red cells. In some 
instances the myelogenous series of cells is also increased, and myeloblasts 
and myelocytes have been reported as present in abnormally large numbers. 
In view of these findings the condition has also been called ‘ erythroleuko- 
blastosis foetalis.? The oedema is usually regarded as secondary to the 
anemia, but it has been suggested that the heart hypertrophies as the 
result of the anemia and that later cardiac failure leads to a generalized 
oedema. 

We have only seen one case of hydrops foetalis during recent years. 

Case 1.—B. M., male, was admitted to hospital on the day of his birth and 
died in a few hours. He was the third child in the family the second having been 
a premature child who lived six hours. The patient weighed 5 lb. 9 oz., and was 
said to be seven weeks before term. He was pale, showed rapid respirations and 
great distension of the abdomen. 

B. Hemolytic anzmia with icterus gravis (Erythroblastosis of the new 
born).—Icterus gravis is a severe, usually fatal, jaundice occurring in the 
new-born baby, and should be sharply differentiated from those forms of 
severe or fatal icterus which are associated with infection, syphilis, sepsis 
or congenital malformation. It is often familial, and the infant suffering 
therefrom is not infrequently slightly jaundiced at birth. Icterus usually 
occurs a few hours after birth although it may not be present until the end 
of the first or beginning of the second day. It deepens rapidly and reaches 
an intense degree so that by the third day the child’s skin has become almost 
a mahogany brown colour. Later the child becomes drowsy, the respirations 
rapid, and subcutaneous hemorrhages or petechiz, convulsions, cyanotic and 
collapse attacks may develop. Unconsciousness supervenes and deepens, 
and death usually occurs on the fourth or fifth day. If the child recovers 
the jaundice gradually disappears but takes three to four weeks or even 
longer to clear completely. During this period of decreasing jaundice the 
colour becomes more and more of a lemon yellow tint, and from the 
appearance of the child it is obvious that a severe degree of anzemia is present. 
Examination at or shortly after birth may reveal slight enlargement of the 
liver and sometimes of the spleen, and the latter organ may increase in size 
during the period of intense jaundice. The urine shows urobilinogen, 
urobilin in excess, and bile pigments, but the stools are not always acholic. 
The placenta is not infrequently hypertrophied. 

A high degree of erythroblastemia directly after birth has been 
reported: thus, Buhrman and Stanford’ have recorded two cases. In one 
the blood five hours after birth showed :—hzmoglobin 50 per cent., red cells 
2,950,000, and nucleated red cells 213,300 per c.mm. In the other the blood 

Az 
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picture six hours after birth was:—hzemoglobin 47 per cent., red cells 
1,510,000 per c.mm., of which 139,500 were nucleated. These authors did 
not refer to the presence of megaloblasts or megalocytes. On the other hand, 
in a case described by Hart’, the blood examined on the third day showed 
4,200,000 red cells and 9,000 leucocytes per c.mm., the hemoglobin was 85 
per cent., and the blood film showed no abnormality of white or red cells. 
The following case also did not show erythroblastzemia. 


Case 2.—B. A., born by Cesarean section, developed icterus gravis on February 
20th, 1933. The blood examinations on February 22nd and 28th were as follows :— 











Red cells 3,650,000 per c.mm. 4,400,000 per c.mm., 
Hemoglobin nk 95 per cent. 94 per cent. 
Colour index ... eae ‘a 1:3 1-07 
Reticulocytes 5-7 per cent. 3-8 per cent. 
Leucocytes 7,500 per c.mm, 10,700 per c.mm, 
Myelocytes Me wis 1 per cent, 
Neut. metamyeloc. : immature 0-5 ,, . 
‘a 4 mature os P 
»» polymorph. sa wi 56 
Eosinophil polymorph =n S « 
Lymphoblasts_ .,.. _ a - ws 
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Fic. 1.—Case 2: Price-Jones curve. 


A Price-Jones curve (Fig. 1) of this case taken on February 28th, showed a 
definite megalocytosis, but this is normal at this age according to van Creveld, and 
this curve is identical with his curve for normal babies of this age‘, 
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Examination of the blood when the jaundice is fading as a rule shows 
« profound anemia of the hyperchromic type, the red cells being 
diminished out of proportion to the hemoglobin, and the colour index being 
unity or higher. A considerable degree of polychromasia and anisocytosis 
is present, as are normoblasts and reticulocytes. Megaloblasts may also be 
found. The platelet count may be normal, but usually is slightly reduced. 
The white cell count may be raised, but this is not a constant feature nor of 
great importance. It is interesting that an eosinophilia is present, especially 
during recovery. As the child improves the normoblasts quickly disappear, 
and the blood picture gradually returns to normal. 


The hematological details in a typical case of anemia following icterus gravis, 
18 days alter the onset of jaundice, were as follows :— 


Red cells ... ... 2,147,200 per c.mm. Lymphocytes — a6 35 per cent. 

Hemoglobin sae 36 per cent. Monocytes sia as ok as ke 

Reticulocytes ... , ae Plasma cells... aa O6e « 

Platelets ro 320,000 per c.mm. Normoblasts 

Leucocytes a 28,420 ,, 9 (per 250 leucocytes) 16 

Premyelocytes ... 1-1 per cent. Macronormoblasts 

Myelocytes Pee 3 ce ae (per 250 leucocytes) 2 

Neut. metamyeloc. 2 cs Anisocytosis Pe Ge + 
polymorph. 62. On Poikilocytosis _... ste + 

Eosinophils ne oe as & Polychromasia ... iain +++ 


The presence of abnormal megalocytosis, or of megaloblastosis, is to be 
regarded as the response to a great demand on the marrow and extra- 
medullary hemopoietic centres. All of these still possess embryonic qualities 
and their ability to cope with the demand for new cells is shown by the 
presence of a reticulocytosis. In assessing the degree of megalocytosis it is 
necessary to bear in mind that, as has been already mentioned, megalocytosis 
normally occurs in the new born. 


The anemia following icterus gravis therefore differs clinically from 
nutritional anemia of the new born in the following respects : — 
(1) A severe hyperchromic anemia becoming obvious as a severe attack 


of icterus is clearing up. 


(2) The presence of a positive indirect van den Bergh reaction in the 
blood which may not be obtained if the icterus has all disappeared. 


(3) The presence of an excess of urobilinogen and of urobilin in the urine, 
which also may not be found after the disappearance of the icterus. 


(4) A spontaneous effort at recovery as shown by marked reticulocytosis 
and progressive improvement. 
(5) A macrocytic response and in some cases the presence of megaloblasts 


in the peripheral blood, an occurrence almost unknown in nutritional anemia. 


(6) Frequent occurrence of eosinophilia. 


This late anemia of icterus gravis does not really call for treatment 
because if the child survives until the anemia is obvious spontaneous 








164 ARCHIVES OF DISEASE IN CHILDHOOD 


recovery will occur. The treatment of the anemia present at birth and the 
prevention of the severest degrees of the later anemia are best carried out 
by efficient treatment of the icterus gravis. We have found the method of 
treatment outlined by Hampson’, in which intramuscular injections of about 
10 c.cm. of parental blood serum are given daily for several days, has been 
very successful if commenced sufficiently early. If the administration of 
serum is delayed until after the second day of life it is doubtful whether 
recovery will occur; indeed, one of our cases which received treatment before 
the end of the second day ultimately developed a considerable degree of 
spasticity (kernicterus). Icterus gravis has also been successfully treated by 
intramuscular injections of whole blood, but we prefer to give serum. 
Frequent small blood transfusions have also been given. We have not had 
any experience of this form of treatment, but in view of the results we have 
obtained in the treatment of acute hemolytic anemia of later infancy we are 
not surprised that good results have been reported. Hampson’s method, 
however, has the great merit of simplicity. Blood transfusions are likely 
to be more helpful than serum in combating the early anemia, and 
in hydrops foetalis. In any case the essentials for success are early diagnosis 
and treatment, and to this end it should be pointed out that Clifford and 
Hertig lay stress on the peculiar yellow colour of the vernix caseosa 
in erythroblastosis of the new born. 


C. Hemolytic anemia without edema or icterus gravis.—These cases 
should perhaps be classified under Group 2, and in any case they form a 
connecting link with that group. Infants which can without hesitation be 
classified under this heading are examples of erythroblastosis of the new born, 
but may not show any erythroblastemia. This condition must be one of 
extreme rarity, but we believe that we have seen one case, and have 
pathological material from two. 


Case 3.—B. O., male, aged 6 days, died within an hour of admission to hospital 
and before any extensive examinations had been carried out. He was the third child 
in the family; no miscarriages. He was born at term and was very pale at birth; 
the umbilicus was healthy, no bleeding from the cord. On the 3rd day he was 
faintly jaundiced, but this was not evident by artificial light when he was seen. The 
spleen was enlarged; respirations were 40 and pulse 120 per minute and temperature 
was 97°. He died without further examination, but blood drawn from the heart by 
a syringe ten minutes after death was pale pink of the colour of dilute strawberry 
jam. This fluid gave a red cell count of 320,000 and leucocyte count of 15,200 per 
c.mm. The hemoglobin was too low to estimate, being under 20 per cent. The serum 
was bile-stained. Films showed an excess of large lymphocytes, but the staining 
properties of the cells were very poor. Erythroblastemia was not a feature of the 
film. A differential leucocyte count gave the following percentages :— 


Neut. polymorph ... io = 2 Basophil polymorph. ek ee 0:5 
»  Metamyeloc., mature... 5 Lymphocytes, large ‘a = 825 
ie a immature ... 3 as small ane ns 0-5 

Eosin. polymorph. ... vee sia 2 Monocytes... sl ios = 1:5 
- metamyeloc., immature ... 15 Monocytes (?) ne — os 15 


At autopsy slight bile-staining of the lungs, pleural exudate and liver was observed, 
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The other case was that of a child who was born in one of the 
Birmingham municipal maternity homes and is to be -reported in detail 
elsewhere by Dr. Mary Crosse. The following is a brief note of it: — 


Case 4.—B. W., developed slight jaundice on the 2nd day of life. This soon 
disappeared. At 7 days the child was noticed to be pale, and the following day the 
spleen was palpable, the red cell count 2,600,000 per c.mm., and hemoglobin 42 
per cent. A day later the red cell count was below a million and the hemoglobin 
20 per cent. The child died on the 12th day. 


Group 2. Hemolytic anzmia later in the neonatal period without cdema 
or icterus gravis. 


In the course of our investigations we have found a few examples of 
severe anemia of the hyperchromic type in infants varying in age from a few 
weeks to two or three months. The history and examination may or may 
not reveal jaundice, and even when jaundice has occurred it may have made 
such a slight impression on the mother’s mind that to obtain any history of 
it a direct question has to be asked; certainly there is never any history 
suggesting the occurrence of icterus gravis. Usually the child is normal at 
birth and during the subsidence of icterus neonatorum it is noticed to be 
pale. Advice may be sought at this time, or not until some weeks later. On 
examination the child is found to be extremely pale and, if in the neonatal 
period, a slight icteric tint may still be noticeable. Frequently some 
enlargement of the spleen is found. Its degree is, however, rarely marked 
and in any event slight enlargement of the spleen is no great help in 


classifying the anemias of infancy. Urobilinogen and urobilin are in excess 
in the urine. 


The following case illustrates the history and clinical findings in this 
type of hemolytic anemia :-— 





Case 5.—W. S., a male breast-fed child aged 4 weeks, was brought to hospital 
for anemia with a history of jaundice of five days’ duration during the first week 
of life. Since that time he was said to have become increasingly pale. On admission 
he was obviously very anemic. There was no pyrexia, and no trace of jaundice; the 
liver was slightly and the spleen considerably enlarged; the stools were deeply 
pigmented and urobilinogen was present in the urine in considerable quantities. The 
blood examination corresponded exactly with that already described in the anzmia 
following icterus gravis; there was an anemia of the hyperchromic type showing a 
considerable degree of polychromasia, anisocytosis, macrocytosis, reticulocytosis and 
megaloblastosis. The white cells were very slightly increased and showed some 
immaturity of the myeloid series. 


From the time of admission to hospital this child showed a steady progress to 
complete recovery and during this time an eosinophilia developed. Recovery was 
complete and spontaneous; indeed the blood picture when first seen indicated that 
the marrow was active and healthy. The details of the blood counts are given in 
the accompanying list, 
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6.10.31. 14.10.31 21,10.31. 25.11.81. 23.12.31. 20.1.32. 
Red cells, per c.mm. ... 1,090,000 2,103,000 2,510,000 3,450,000 1,547,000 4,890,000 
Hemoglobin, per cent. 18 43 40 52 70 76 
Colour index _... was 0-9 1:02 0-8 0-75 0:78 0-76 
Reticulocytes, per cent. 5 5:8 2-2 0-8 0-4 0 
Platelets, per c.mm. ... 250,000 330,000 310,000 338,000 100,000 plentiful 
Leucocytes ,, es 14,000 9,800 5,500 12,300 8,900 17,100 
Myelocytes, per cent. 0 15 2-5 0 0 0 
Neut. polymorph. 
per cent 15 21°5 18:5 13 15-5 37 
» metamyeloc. 
per cent. i 3 5 0-5 0 C 
Kosinophils. a ae 1 1-5 6-5 l | V5 
Basophils. -< - 1 1 0-5 0-5 15 l 
Lymphocytes, 
large ,, ,, 19 54 13 oe 
small Se ie 1 8 17-5 “s _ = 
Monocytes. ‘a 2 6-5 6 ‘ 8 7 
Normoblasts 
(p.c. of leucocytes) 3 0-5 0-5 1 1 0 
Macronormoblasts 
(p.c. of leucocytes) 3 6°5 15 0 0 0 
Megaloblasts 
(p.c. of leucocytes) 27 4:5 0-5 0 0 0 


We have at present under observation another child suffering from this 
‘, form of anemia, in which the clinical and hematological findings are similar 
to those found in older infants in the syndrome described as von Jaksch’s 
anemia; indeed, were the child over six months of age and the history 
unknown, the anemia would be unhesitatingly classed in that group. 


Case 6.——B. M., female. According to the history obtained from the mother this 
infant was pale when born, although otherwise normal, and two weeks after birth she 
was very slightly yellow for a period of three days. The pallor, which was very 
noticeable during the first few weeks of life according to some observers, had increased 
somewhat when the child was about 12 weeks old. At the age of 17 weeks she was 
admitted to hospital. 


On examination she was found to be well nourished and intensely pale. The skin 
showed the yellowish waxy appearance so characteristic of acute leukemia or severe 
pseudo-leukemica infantum, and there was a doubtful icteric tinge in the conjunctive. 
Two petechial spots were found and there were a few shotty glands in each axilla. 
The abdomen was distended; the liver reached 1 in. below the costal margin in the 
anterior axillary line, and the spleen was greatly enlarged, reaching to the level of 
the anterior superior iliac spine. The red cells were only 1,450,000, leucocytes 18,700 
and platelets 60,000 per c.mm. The hemoglobin was 21 per cent., and the colour 
index 0-72. Anisocytosis was extreme, with a moderate degree of poikilocytosis and 
polychromasia. Reticulocytosis was present to the extent of 7-3 per cent. of red 
cells. Nucleated red cells were also obvious, normoblasts and macro-normoblasts 
amounting to 1-5 and 9-5 per cent. of the white cells respectively. Immaturity of the 
granular leucocytes was present as is obvious from the detailed counts given in the 
accompanying lists. A drawing of the various cells seen in the blood films from this 
case will be found on page 206. 

On the day following admission the child’s condition was slightly improved by a 
transfusion of 60 c.cm. of blood. Fourteen days later 80 c.cm. were transfused and 
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this produced definite though not great improvement. The slight tinge of icterus 
disappeared. This improvement was not maintained, for after three weeks the child 
became slightly icteric again, two purpuric patches appeared and there was a 
considerable drop in the blood count. 


2.2.33. 15.2.33. 1.3.33. 11.3.33. 10.4.33. 
ted cells, per c.mm.... 1,450,000 1,950,000 2,360,000 1,370,000 2,100,000 
Hemoglobin, per cent. 21 32 42 29 45 
Colour index _... as 0-72 0-82 0-9 0-8 1-07 
Reticulocytes, per cent. 73 4-1 3°7 5-0 18 
Platelets, per c.mm. ... 60,000 115,000 400,000 50,000 30,000 
Leucocytes ,, 5 a 18,700 41,000 19,000 8,000 8,900 
Myeloblasts, per cent. 0-5 0-5 4-5 4 
Myelocytes a ‘i 3 1-5 15 3 
Neut. metamyeloc., 
immature, per cent. 0-5 4 0-5 15 2°5 
mature ,, ig 3 2 1 0-5 0-5 
Neut. polymorph., 
per cent. 18°5 22-5 43 27 33 
Ecsinoph. polymorph., 
per cent. 1 0-5 2°5 15 1 
Basophil. polymorph., 
per cent. 0-5 0-5 
Lymphoblasts ,, _ ,, 15 1-5 0:5 3:5 
Lymphocytes, 
large, -— 54 60 23 40 22°5 
small ae 9-5 4 9-5 11 32-5 
Monocytes - - 11 3°5 1] 8 5 
Plasma and 
Tirck cells ,,  ,, 0-5 2°5 0-5 
Normoblasts 
(p.c. leucocytes) 1:5 2 1-5 2 2 
Macronormoblasts 
(p.c. leucocytes) 9-5 10 6:5 4 2 
Megaloblasts 
(p.c. leucocytes) 0 2 1:5 8-5 15 


Three days after admission the blood gave a slightly delayed positive direct van 
den Bergh reaction, and a positive indirect reaction (1 unit bilirubin). Urobilin in 
excess was found twice, and urobilinogen in excess once in the urine. The stools, 
which were deeply pigmented, showed an excess of urobilin. A Price-Jones curve 
(Fig. 2) showed the marked degree of anisocytosis noted above, and the presence of 
a few megalocytes. 

This case is one of extreme interest and we regret that we cannot 
complete its record as the child is still in hospital. Although the spleen is 
now, eight weeks after admission, smaller than when first seen and the Price- 
Jones curve shows that the anisocytosis is less and the curve tending to 
approximate more to the normal. the child is still very ill. Blood 
transfusions have been performed irom time to time but no permanent 
improvement in the degree of anemia has occurred. The interest lies in 
the fact that although this is an example of hemolytic anemia which dates 
from the neonatal period, it is obvious that destruction of the erythron is 
still occurring. We have already pointed out the similarity to the von 
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Jaksch’s syndrome presented by the clinical picture of this child; it is 
probable that the clinical course of the case indicates the mode of develop- 
ment of that syndrome and so lends support to the view that the anemia of 
von Jaksch is a sub-chronic hemolytic anemia. 
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Fic. 2.—Case 6: Price-Jones curve. 


Although in our experience in this group of cases recovery after a 
varying time is the rule, yet death occurred in one instance. 

Case 7._R. L., male, was aged 3 months at the time of his death and had been 
noticeably pale from the first week or so of life, but had never suffered from jaundice 
or cedema. A week before his admission to hospital he had become paler. When 
examined it was obvious that he had severe anemia; there were some purpuric patches 
on the head; the spleen and liver were enlarged but the lymphatic glands were 
normal. Examination of the blood revealed the presence of a very severe anemia, 
the red cell count being under one million, and the hemoglobin 20 per cent. 


Red blood cells per c.mm ... 810,009 Kosinoph. polymorph. _... saa 2:5 
Hemoglobin per cent. wea 20 Basoph. polymorph. i an 1-0 
Colour index : 1:25 Large lymphocytes. sad ar 18 
Leucocytes per ¢c.mm. Sa 15,350 Small lymphocytes one sins 47-5 
Reticulocytes per cent. a 1:0 Lymphoblasts as ‘in - 1:5 
Myeloblasts tae nae 0:5 Tiirck cells 0:5 
Neut. polym., segmented Monocytes és ae 1:5 
per cent. 20 Normoblasts ) per 100 | 3 
ss » non-segmented Megaloblasts } leucocytes |... 5:5 
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Fig. 3 is a composite drawing and Fig. 4 is a photograph of the cells present in 
the blood films. 


He died five days after admission and the details of the autopsy are 
given in the section on pathology (page 176). 








Fic. 


3.—Case 7 : Composite drawing showing large’ numbers of megaloblasts. 
1. Megaloblasts. 2. Basophilic lymphocytes. 3. Lymphocyte. 
4. Lymphoblast, possibly myeloblast. 5. Chromasomes in 
mitotic red cell. 6. Mast cell. 7. Mature metamyelocyte. 
8. Mature neutrophilic polymorphonuclear. 9. Polycliromasia. 
10. Platelets. 
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Fic. 4,—Case 7 : Blood film (x 390): mitosis in 


erythroblast on right, premyelocyte below, 
lymphocyte to left. 





ARCHIVES OF DISEASE IN CHILDHOOD 
Pathological changes in hemolytic anzemia of the new born. 


Pathological changes in icterus gravis.—We have had material from four 
fatal cases, and the following were the chief macroscopic abnormalities found. 
All the organs, with the exception of the central nervous system and cerebro- 
spinal fluid which were only slightly tinted, showed general icteric staining, 
often of an extreme degree. Deep bile staining of the basal ganglia 
(kernicterus) and degeneration of the nerve cells are described in the 
literature, but unfortunately we have not had an example of this in our 
series. The liver was slightly enlarged, deeply bile stained, and did not 
show any cirrhosis. The gall-bladder contained either a normal or small 
amount of bile; sometimes little more than mucus. The spleen was slightly 
enlarged. The bone marrow was of a rich red colour throughout, tinged 
with the general icterus, which sometimes stained the epiphyseal line a 
greenish hue. A little oozing of blood from the umbilical stump has been 
noted but without any evidence of infection. 


HISTOLOGICAL EXAMINATION: Liver (Fig. 5, 6 and 7). The principal 
finding has been the presence of embryonic blood formation in the hepatic 
sinusoids which produced a striking low power picture. The liver cell 
columns were broken up by wide sinusoids, in which were found many small 
clumps of fairly deeply staining round and oval cells possessing prominent 
nuclei somewhat vesicular in type. Much bile pigment was present, chiefly 
lying free in the sinusoids, but also occurring in the liver cells, in phagocytic 
histiocytes in the sinusoids and sometimes as small thrombi in the bile 
canaliculi. There was no obvious fatty degeneration in the central areas 
of the lobules which is so common in many toxic affections in children. This 
picture of the packing of the liver sinusoids with immature cells closely 
simulates a leukemic process and careful examination of the cells was 
therefore required. This was carried out on well-cut sections with the 
twelfth-inch immersion objective. Most of the larger cells were about 8 or 
10 , in their longest diameter, and possessed round or oval nuclei of about 
7p in size and surrounded by a moderate amount of cytoplasm. The nuclei 
were vesicular, a well defined nuclear margin enclosing a pale interior in 
which one or two nucleoli might be found; the knots of karyomitone were 
rather distinct although not numerous and tended to lie mostly near the 
nuclear membrane. Such characters are very similar to those of the 
myeloblast and premyelocyte when these cells are seen in _ histological 
sections. A careful comparison of our specimens (stained with hematoxylin 
and eosin; eosin and methylene blue; Giemsa) with those of myeloid 
leukzeemia has shown that cytoplasm, nuclear margin and chromatin network 
tend to be definitely darker in staining reaction than those of the myeloid 
cells; the cytoplasm too is more basophilic. Moreover the real nature of 
these cells was revealed by the large number of erythroblasts scattered in 
their vicinity and throughout the sinusoids. Extruded erythroblastic nuclei 


were common and erythroblasts of larger size with karyorrhectic polymorphic 
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Fic. 5.—Liver in icterus gravis; projection drawing (x 1000): showing 
pro-erythroblasts with cytoplasm darker than in myelocytes ; darker 
small cell with them appears to be a type of megaloblast, the nucleus 
is larger than in the usual normoblast. 





Fic. 6—Liver in icterus gravis (x 90) : showing wide 
sinusoids with hemopoietic foci. 
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nuclei were not uncommon and required differentiation from polymorpho- 
nuclear granulocytes, which they superficially resemble in sections. These 
prominent dark cells are in fact erythropoietic in character being pro- 
erythroblasts*. Further search of the sections revealed cells some of which 
appeared to be less and other more mature than pro-erythroblasts. The 
less mature consisted of a few larger and paler cells with similar, but lighter 
vesicular nuclei (probably hemohistioblasts), which appeared to be derived 
from swollen endothelial cells either partially or wholly detached (pro- 
liferated Kiipffer cells). On the other hand, cells of similar general 
characters, about 8 in size, but with a darker, strongly and evenly stippled 
nucleus throughout, were seen, and these were probably megaloblasts. 
Nuclear forms and types between these and the recognizable erythroblasts 
have been found, though many of the erythroblasts have, on the whole, 
rather large nuclei. Other cells observed included some polymorphonuclear 
granulocytes and some large phagocytic histiocytes. Sections stained 
by the Turnbull-Hueck process revealed the presence of a considerable 
amount of hemosiderin. 


SPLEEN.—The presence of the above described cells and erythropoiesis 
was variable: recently one of our cases showed these, but the next case did 
not. The recticular cells always showed evidence of activity: proliferation in 
some cases and phagocytusis in others. Lymphocytes were numerous. 





























Marrow.—In our cases the marrow has shown considerable activity, 
especially on the myeloid side, but it does not appear to have any distinctive 
characters. One marrow, which was decalcified and hence did not reveal 
its cellular characters well, showed a diminution in normoblasts, and a smear 
made from this marrow revealed many immature granulocytes but no 
normoblasts. The significance of this finding is not understood, but it is 
possible that the embryonic hemopoietic function of the liver is maintained 
in activity partly because of some failure of the erythropoietic function 
of the developing marrow. 





Pathological changes in hydrops fceetalis—In hydrops feetalis very 
similar changes have been recorded, and the erythroblastosis evident in the 
organs has been regarded as one proof of an inherent relationship between 
icterus gravis and hydrops feetalis. De Lange and Arntzenius'® and others 
have described a breaking up of liver cell columns by erythroblasts and cells 
like lymphocytes (? megaloblasts), with and without a few bile thrombi, 
end a positive iron reaction by the Turnbull-Hueck process. We have had 
the opportunity of examining only one case in recent years (Case 1 above). 
















** Erythroblast ’’ designates any form of nucleated red cell (i.e., either 
megaloblast or normoblast}. ‘ Pro-erythroblast’ is a more immature cell which 
appears to be developing into a nucleated red cell. In Sabin’s terminology, 
‘ erythroblast ’ does not include ‘ megaloblast.’ 
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Fic. 7.—Liver in icterus gravis (x 850): PE, pro- Fic, 8.—Case 1: Liver in hydrops feetalis (x 75) : 
erythrocytes with lighter nuclei and dark showing severe toxic change and necrosis in liver 
cytoplasm (the cytoplasm is darker and the cells ; E, erythroblasts. 
chromatin masses in the nuclei slightly darker 
than in myeloblasts): M, megaloblasts with 
darker, heavily dotted nuclei : N, normoblasts. 


Fis, 9.—Case 1; Liver in hydrops feetalis ( x 700} : Fic. 10.—-Case 4; Liver (x 700): showing more 
showing great disorganization, only a few mature erythroblasts, mostly with nuclei of 
hepatic cells (H) being recognizable ; the scat- normoblastic type. 
tered dark round cells are normoblastic nuclei 
or small erythroblasts; PE, ? large pro- 
erythroblast. 
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The autopsy in this case showed generalized cedema; slight bile staining of the 
pleural and peritoneal fluids; obvious enlargement of the heart and swollen and 
cedematous kidneys. The following features were found on microscopical examination. 
The architecture of the liver was largely lost and the columns of cells were so broken 
up that it was somewhat difficult even to recognize that the section was one of 
hepatic tissue (Fig. 8 and 9). There was extreme fatty degeneration and areas of 
necrosis were scattered throughout the lobules, especially in the central areas; the 
sinusoids were greatly widened and filled with erythrocytes, scattered nuclei, débris 
and prominent irregular eosinophilic masses (basophilic with methylene blue). 
Examination under a higher magnification showed that these masses contained 
nuclear remnants and were in fact necrotic cells which on account of their strong 
affinity for eosin were possibly hepatic cells. Although erythroblast nuclei were 
fairly numerous, megaloblasts and pro-ervthroblasts, which were such a characteristic 
feature of icterus gravis, were scanty. The section, therefore, showed extreme toxic 
and necrotic changes with evidence of some erythropoiesis, which in its turn also 
appeared to be affected by the toxic process. Sections stained by the Turnbull-Hueck 
process for iron showed the presence of considerable amounts of hzmosiderin. 

The renal glomeruli were swollen and filled the capsules; there was cloudy swelling 
of the tubule cells with cedema and fragmentation of the tissues and also much 
eosinophilic material in the tubule cells. 

The myocardium showed nuclear chromatolysis, cedema and fragmentation of the 
fibres. 

These findings do not entirely correspond with those recorded by some 
observers since there was only slight evidence of erythropoiesis, the 
outstanding feature being the presence of changes which were obviously due 


to a severe toxemia. 


Pathological changes in hzmolytic anemia of the new born without 
cedema or icterus gravis——We have examined the organs of two cases of 
this type (Cases 3 and 4), of which the clinical details have already been 
described. 

Cases 3 and 4.—Both showed a pathological picture in the liver similar to that 
detailed under icterus gravis, except that bile thrombi were absent and granules of 
bile pigment fewer; the cells were identical in form although in Case 3 the cells 
which we have called pro-erythroblasts, and in Case 4 (Fig. 10) megaloblasts and 
normoblasts, predominated. In the spleen clumps of pro-erythroblasts, normoblasts 
and extruded nuclei were common. In Case 3 the thymus was normal; the 
myocardium showed fragmentation of the fibres; small hemopoietic foci were 
present in the adrenal medulla but none in the kidney. The bone marrow in both 
children was cellular and sections showed plentiful myeloid cells and also normo- 
blasts with a few doubtful megaloblasts. 

The only features common to these cases of icterus, hydrops foetalis, and 
severe hemolytic anemia of the new born are:—foci of embryonic 
hemopoiesis; a varying degree of toxic change; and considerable deposits 
of hzemosiderin in the liver. 

It must, however, be remembered that hemopoiesis in the liver is by no 
means uncommon in healthy new-born children, and occurs in most 
premature infants; thus, a set of sections, taken from a case of prematurity 
of about eight months to serve as standards, was found to show extensive 
erythropoiesis in the liver. The cells were similar to those already described, 
except that the larger immature cells were somewhat less numerous and 


pro-erythroblasts plentiful, 


' 
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Embryonic extra-medullary hzemopoiesis.—The earliest paper which we 
have consulted on the subject of extra-medullary hemopoiesis is one 
published in 1909 by Buchan and Comrie® on ‘ congenital anzmia with 
jaundice and enlargement of the spleen.” The microphotographs in this 
paper are good, and one of a section from a liver of a full-term child shows 
blood-forming islets, which are only one-half or one-third the size of those 
present in the cases of jaundice. Ferguson’ found hemopoiesis in the livers 
of six out of nine premature infants examined, but in much less amount 
than that in three cases of icterus gravis, two of hydrops foetalis, and one 
of anemia without jaundice or cdema. From the description he gives of 
the cells and from his illustrations, it is clear that the changes are similar 
to those which we have described above; further, he also found megaloblasts 
and normoblasts in the peripheral blood of cases of icterus gravis. Ferguson 
also states that the term erythroblastosis was first applied to the haemopoietic 
foci in hydrops foetalis by Eichelbaum who also said that erythroblastosis 
might occur without oedema; further, that prior to Eichelbaum’s contribu- 
tion Sanger had described congenital anemia with leukemia, and Pereg and 
Jacob had reported congenital cedema without any adequate anatomical 
basis. Ferguson therefore came to the conclusion that the hemopoietic foci 
may be either erythropoietic or leucopoietic (i.e. leukemic) in character, but 
we think that it is highly probable that Sanger mistook the immature 
pro-erythroblasts for myeloblasts. 


Some observers, as Schmidt and Lobenhoffer, have described the 
hemopoietic foci as lying between the endothelial and liver cells, but this 
relationship was not clear in our cases. Schridde, according to Capon‘, was 
the first to draw attention to the hematological features of hydrops foetalis 
and he also described pointed greenish-yellow particles in the renal 
epithelium, which Fischer compares with those found in experimental 
poisoning. Capon himself noticed that in hydrops foetalis the villi in the 
placenta were crowded to a degree which was out of proportion to total 
epithelial surface, and suggested that this produced compression of the 
chorionic vessels with consequent impairment of nutrition and a rise of blood 
pressure in the foetus; to these changes the foetus responds by an increased 
blood cell formation, which, however, does not suffice for tissue metabolism 
and therefore exudation of fluid into hypertrophied placental villi and 
subcutaneous tissue occurs. This hypothesis is ingenious, but as will be 
seen later we think that a simpler one will cover the observed facts. 


De Lange’® has collected striking examples of the incidence of still-births, 
icterus gravis and hydrops foetalis in foetuses of the same mothers, some of 
whom had evidence of toxemia during pregnancy, and has pointed out that 
in all probability a maternal toxemia is the cause of these conditions. She 
states that family histories may show oedema of pregnancy in sisters, and 
instances of the occurrence of icterus gravis and hydrops foetalis in the families 
of their brothers: facts which she believes strongly suggest a hereditary 
factor. Arntzenius and she’’, argue that a toxin is a likely cause of icterus 

B 








176 ARCHIVES OF DISEASE IN CHILDHOOD 


gravis and of hydrops foetalis, and that the hemopoiesis is reparative in 
character. They also say that the presence in the liver in hydrops of a 
positive action for iron when stained by the Turnbull-Hueck method is 
evidence of moderate hemolysis; further, that the cedema may be caused 
by the influence of the toxin on the blood vessels; and they point out that, 
although extra-medullary blood formation occurs in most cases, it is not 
present in all. In their view, therefore, there is no relationship between 
grave icterus and hydrops, except that they are both due to the action of 
a toxin of an unknown nature. Rantmann, on the other hand, holds that 
the erythroblastosis is not a reaction, but a primary factor. 

We agree with Salomonsen that the finding of considerable quantities 
of hemosiderin in the liver by the Turnbull-Hueck process cannot be 
regarded as evidence of an abnormal degree of hemolysis. The livers in our 
eases of icterus gravis, hydrops foectalis, and hemolytic anemia of the new 
born showed considerable quantities of iron; nevertheless we have found as 
great a degree of iron present in the liver of a premature child who died when 
one day old and in that of a full-term child who died when eighteen days old, 
althoveh, on the other hand, the liver of a child one month old was 
practically free from iron. 


Extra-medullary hezmopoiesis in later infancy.—In a full review of the 
subject of extra-medullary hemopoiesis, Brannan'' reported the case of a 
male infant of 7} months showing many normoblasts and a few megaloblasts 
in the peripheral blood with reduction of platelets and changes in the skull 
bones. This child had tumour-like deposits of hemopoiesis in the hilum of 
the kidneys and in the falx cerebri. He also quoted instances of such 
marrow deposits in the broad ligaments, in the breasts, and in relation to 
sweat glands in the soles and palms, and considered it probable that these 
myeloid elements are constantly present in the spleen of adults. We 
consider that there is some histological evidence for this process, since in 
sections of splenic tissue we have found scanty cells of myeloid type with 
erythroblasts, the latter being more numerous than in other organs (except 
the marrow). In a case of lymphatic leukemia, recorded in the article on 
leukemia (Part VI) a small focus of marrow formation was discovered in 
the hilum of a kidney. This type of extra-medullary hemopoiesis has been 
referred to in order to demonstrate how it differs from the embryonic form 
which we have described as occurring notably in the liver of the premature 
and new-born baby. It differs in its activity, its occurrence in later infancy, 
its focal distribution, and its relatively greater activity in the formation of 
myeloid cells. 


Pathological changes in hemolytic anaemia later in neonatal period 
without oedema or grave jaundice. 
The chief findings at the autopsy on the only fatal case of this type that 
we have seen were as follows :— 
Case 7.—R. L. The organs were pale, especially the liver and kidneys. The 
liver weighed 265 grm., the spleen was uniformly enlarged and firm, epicardial 
ecchymoses were present, and the bone marrow of the left femur was red throughout, 
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Fic. 11.—Case 7; Liver (x 90): showing wide Fic. 12.—Case7 ; Liver ( x 590): showing erythro- 
siausoids filled with pro-erythroblasts and blastic focus with pro-erythroblastic (PE) ; 
normoblasts ; some fatty degeneration, no M, megaloblast, 


peri-portal infiltration, 





Fic. 13.—Case 7; Liver( x 700) ; showing sinusoid : Fie. 14.—Case 7; Bone marrow (x 700) showing 
PE, is a very immature cell, PE, is more erythropoiesis, resembling similar foci in 
mature and probably an early normoblast; K liver. PE, pro-erythroblasts. 


normal Kupffer cell, K, swollen. The ery- 
throblastic focus does not lie between the 
Kupffer and liver cells, 
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All sections were taken from specimens fixed in formalin; the autopsy was 
performed 8 hours after death in the month of September. 


Liver (Fig. 11, 12 and 13). Sections stained with hematoxylin and eosin when 
examined under the low power showed the liver cell columns broken up by wide 
sinusoids filled with large and small dark cells; some fatty degeneration of the 
cortical areas was present and the portal tracts were inconspicuous. Under the high 
power many of the cells in the sinusoids were large, about 13, in diameter, and possessed 
pale oval light vesicular nuclei, 10, in diameter which showed fine dots of chromatin 
and sometimes one or more nucleoli. All grades of deeper nuclear staining were found 
up to cells which were apparently megaloblasts and normoblasts as already described in 
the various forms of hemolytic anemia of the new born. Swollen Kiippfer cells 
and free histiocytes were common. Moreover, the differentiation of the cells appeared 
to be preponderatingly on the erythrocyte and not on the granulocyte side. 


SPLEEN. Low power magnification:—the lymph follicles were rather small, the 
pulp was very cellular and showed many fairly large round and oval cells; there 
was some increase of reticulum in the less cellular parts. High power magnification :— 
a proliferation of reticular cells was clearly seen and these cells had swollen light 
oval and spindle-shaped nuclei. In the meshes of the reticular there were large 
vesicular nucleated cells, similar to those in the liver, and scattered everywhere 
were many darker cells differentiating towards normoblasts. Generally distributed 
also were lymphocytes of normal type whose nuclei were slightly larger (4-5,) and 
more finely dotted and streaked than those of the normoblasts (nuclei of normoblasts 
are usually about 2}-4,); also the nuclear contour, though fairly regular, tended in 
many cases to be slightly polygonal as against the more constantly round 
normoblastic nuclei. The normoblastic cytoplasm was eosinophilic when stained 
with hematoxylin and eosin. With eosin and methylene blue the nuclear features 
were clearer, but the cytoplasmic process not so well defined. Normoblastic 
cytoplasm with this stain was bluish with a tinge of pink. 


LympH GLANDS. In the hilum considerable endothelial proliferation was present 
and, as in the liver, amongst apparent histocytes were many large vesicular cells 
with accompanying normoblasts. In a mesenteric gland endothelial proliferation was 
less marked. 


Marrow (Fig. 14). After decalcification the cellular characters did not show 
well, but there were many immature cells similar to those already described and 
myelocytes were fairly common but not more mature granulocytes. Erythroblasts 
were also fairly numerous. 

The erythropoietic foci seen in the organs of this case were strikingly 
similar to those found in icterus gravis and hemolytic anemia of the new 
born. Taking into consideration the fact that this child showed marked 
megaloblastosis of the peripheral blood stream it appears clear that these 
foci were preponderatingly erythropoietic and were part of a response to 
the call for erythropoiesis because of the hemolysis. The hemolysis 
commencing before the regression of the embryonic form of the erythropoiesis 
in the liver had taken place had the effect of retaining this type of 
erythropoiesis in activity. 


Discussion. 


From time to time reports of instances of ‘ anemia of the new born ” 


appear in the literature. We have given reasons in the paper on the 
hematopoietic anemias (Part III) and elsewhere'* for maintaining that 
sometimes anemia of the new born is a congenital nutritional anemia; 
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nevertheless, in our opinion, the majority of cases of anemia of 
the new born are hemolytic in nature, being examples either of the present 
class (hemolytic anemia of the new born or of the later neonatal period, 
unaccompanied by severe icterus or oedema), or of the anemia following 
icterus gravis. 

The clinical manifestations of anaemia of the new born have been 
described by A. F. Abt’® as follows :— 

The infants are born of healthy parents, in normal spontaneous labour, and 
from their history has been excluded all evidence of birth injury, hemorrhage, 
hemorrhagic disease, infection or pre-natal poisoning. Within the first two weeks 
of life these infants while thriving and behaving in every way as normal new born 
infants, become extremely pale. This pallor is a sheet-like whiteness... The 
infants nurse well, are afebrile, have normal periods of sleep and wakefulness, cry 
lustily and vigorously, and aside from the marked and startling pallor, show no sign 
of ill-being. Recovery has been observed, both without and with treatment, and 
infants who have been followed for several years have shown no residual effects. 

Whilst accepting with considerable reluctance the possible existence of 
an anemia which is neither nutritional nor hemolytic in origin, we never- 
theless think that Abt has not sufficiently excluded the possibility of 
hemolysis, since we cannot understand how a new-born infant can suddenly 
become intensely pale except as a result of hemorrhage or severe hemolysis. 
For instance, the infant described by Abt had a pink colour at birth and 
the pallor was noted on the eighth day, whereas on the following day without 
any evidence of hemorrhage ‘ the child seemed as white as the sheet on 
which it lay.’ Several of the cases from the literature accepted by him 
are also open to the same criticism, as is one published by Pasachoff and 
Wilson'*. The case reported by these authors differed from that of Abt in 
that pallor was noted on the second day of life, and the evidence of hemolytic 
anemia in this particular instance appears to be complete. Nutritional 
anemia of the new born may be distinguished from the hemolytic group by 
the fact that it is a hypochromic anemia, by its response to treatment by 
iron, and by the absence of those characters of a hemolytic anemia which 
nave already been detailed. 

The question may be asked:—Why are some hemolytic anzmias 
associated with severe jaundice, while others are either free from jaundice 
or exhibit it only in a slight degree? The same curious difference is seen 
in the hemolytic anzemias of later infancy and childhood. It is, of course, 
well known that severe hemolysis may occur without severe jaundice, such, 
for instance, as that which sometimes follows blood transfusion. 

The occurrence or non-occurrence of severe jaundice in association with 
hemolysis probably depends on the condition of the liver, and the degree 
and suddenness of the hemolysis. After severe hemolysis an excessive 
bilirubinemia results, and the liver being unable to excrete all this bilirubin, 
a hemolytic jaundice develops—the so-called ‘ retention jaundice.’ In this 
form of jaundice the colour is not a deep yellow but a lemon tint, the blood 
gives a positive indirect van den Bergh reaction, and there is an increase in 
fecal urobilinogen. Urobilinogen or urobilin, or both, are present in excess 
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in the urine, but neither bilirubin nor bile salts are found in the urine. 
Retention jaundice is particularly likely to occur when the hemolysis is 
gradual in onset. If, however, there is necrosis of the liver cells, or 
obstruction to the outflow of bile, bilirubin after passing through the liver 
cells is regurgitated into the blood stream, and under such conditions a 
much deeper jaundice, guinea gold in colour, develops. In ‘ regurgitation 
jaundice ’ the blood serum gives a positive direct van den Bergh reaction, 
bilirubin and bile salts appear in the urine, urobilinuria may occur but the 
fecal urobilinogen is reduced in amount. This form of jaundice is also likely 
to occur when a severe and sudden hemolysis produces an_ intense 
bilirubinemia because the resulting bile is likely to be viscid and produce 
a degree of biliary obstruction. An interesting parallel to these cases occurs 
in acholuric familial jaundice, in which in most of the hemolytic crises the 
jaundice is only of a moderate degree, but occasionally with a severe crisis 
the jaundice becomes greatly increased and bile pigments may appear in the 
urine, because bilirubin is secreted in such large quantities that the bile 
becomes thickened and a degree of biliary obstruction results followed by 
regurgitation jaundice. In icterus gravis the blood gives an indirect van den 
Bergh reaction; the urine contains increased amounts of urobilin and 
moreover also shows bile pigments. In other words, there is evidence of 
retention and of regurgitation and, as would be expected, at autopsy bile 
stasis and in some instances necrosis of the liver cells are found. In those 
examples of hemolytic anemia in which there is a history or evidence of 
a mild degree of jaundice, or even in those which have become anemic 
without jaundice, the findings are an indirect van den Bergh reaction in 
the blood and an excess of urobilinogen and urobilin in the urine. However, 
even these findings may be absent if the child does not come under 
observation until some time after the occurrence of hemolysis. 

Another subject for discussion is the exact relationship existing between 
icterus gravis, hydrops foetalis, and severe hemolytic anemia of the new 
born. Are they, or are they not, all manifestations of an erythroblastic 
process (erythroblastosis of the new born)? For the purposes of this 
discussion it should be accepted that the term erythroblastosis implies an 
active bone marrow and active extra-medullary hemopoietic centres, but 
that these may or may not be associated with erythroblastemia. From the 
remarks made in the section on pathology, it is clear that hemopoietic foci 
in all three of these conditions are usually to be found in positions where blood 
formation occurs in the embryo, notably in the liver and spleen; and it is 
reasonably certain from histological appearances alone that these foci are 
chiefly erythropoietic, and not leucopoietic in type. In some cases of 
hydrops foetalis, however, such foci are present only to a very limited extent 
(as in Case 1), or may even be absent (de Lange); thus providing strong 
evidence that they do not represent the origin of these disorders, but are 
only a concomitant feature or response. It is most probable that they do 
in fact represent a response to an increased call for erythropoiesis. In icterus 
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gravis there is no doubt that this call is the result of excessive hemolysis, 
possibly commencing before birth; and in hydrops foetalis there is evidence 
of a hemolyzing process in the occurrence of slight icterus and the presence 
in the liver of a positive iron reaction by the Turnbull-Hueck process. A 
process similar as regards hemolysis, though no doubt different as regards 
its cause, in that it acts after birth, is at work in those forms of hemolytic 
anemia of the new born which do not show grave jaundice or oedema. The 
factor of hemolysis in varying degree is thus common to these disorders, and 
the resultant response is also varying in degree and common to them all. 

This response, embryonic erythropoiesis, is hence a symptom and not a 
cause of the disease. Further, the frequent presence of this form of 
erythropoiesis in premature and some full-term infants is evidence against 
the assumption that the cells produced by such hemopoiesis are so 
abnormal in their action or structure as to initiate hemolysis and its effects. 
Extra-medullary hemopoiesis is, in short, a process which in young infants 
may readily be retained in activity and may be intensified by the 
provocation of increased hemolysis. Given the existence of embryonic 
blood-forming tissue in such organs as the liver and spleen, its activity will 
be governed by the extent of the demand for its function. If by the time 
a hemolytic process in post-natal life occurs the embryonic blood-forming 
tissue in the liver and spleen has atrophied, then this form of response to 
the increased demand for hemopoiesis cannot occur in these organs, and 
the marrow has to shoulder the burden alone. We have seen this response 
after hemolysis occur as late as the eighth month of life. Believing, as we 
do, that von Jaksch’s anzmia is a chronic hemolytic process occurring in 
later infancy, the presence of extra-medullary hemopoietic foci in this 
condition will depend on whether the embryonic blood-forming foci have 
atrophied or not at the time when the hemolysis begins. The consequent 
histological variations in the response to hemolysis may account for the 
confusion of some instances of this syndrome with leukemic metaplasia, a 
condition which, as we have pointed out, may closely resemble embryonic 
erythropoiesis. 

The nature of the hemolyzing factor in the hemolytic anemias of the 
new born, and the relationship between the hemolysis thus produced and the 
hemolysis which normally occurs at birth, are both unknown. Hemolysis 
oecurs constantly in intra- and extra-uterine life, but normally is kept within 
bounds by some mechanism. Hampson has suggested that hemolysis may 
be controlled in intra-uterine life by something produced by the mother and 
passed on by her to the foetus, which in extra-uterine life is elaborated 
by the infant itself; for at birth a considerable degree of hemolysis occurs 
owing to alterations in the oxygen tension of its surroundings, which is 
prevented from becoming excessive by the anti-hemolytic agent. If this 
factor is absent or insufficient, excessive hemolysis with the production of 
anemia, and perhaps severe jaundice may occur; this may, however, be 
prevented if the anti-hemolytic factor is given by administration of blood 
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serum. This is the basis of the treatment of icterus gravis by injections of 
blood serum, a treatment which we owe to Hampson, and which has proved 
a great success. On this hypothesis it is possible that in icterus gravis the 
maternal anti-hemolytic factor supplied to the foetus becomes deficient 
towards the end of intra-uterine life, and that in extra-uterine life the infant 
fails to produce sufficient to keep the hemolysis of birth within reasonable 
limits, and that the injection of blood serum remedies the deficiency. In 
hemolytic anemia of the new born, on the other hand, it is possible that the 
deficiency is entirely a post-natal one, or that the anaemia is due to a factor 
similar to that which initiates the acute hemolytic anemia of Lederer seen 
in older children. The fact that hemolysis after birth is more severe in 
the premature child than in the normal child can be explained on the ground 
that the anti-hemolytic factor has not been elaborated to the degree which 
it would have been if the child had gone to term. Such an hypothesis would 
furnish an adequate explanation of the fact that jaundice is more frequent 
and severe in premature than in full-term children; also of the development 
of hemolytic anemia in prematures, and of its prevention by blood 
transfusion. If this hypothesis is correct, the hamolytic anzemias of the 
neonatal period, with the exception of that associated with hydrops foetalis, 
may be classified as deficiency anwmias, although they differ from the other 
deficiency anzmias in that the deficiency is of a temporary character only. 
This hypothesis does not cover the whole ground because it leaves out 
of account any damage to the hemopoietic portion of the erythron which 
itd may, and quite possibly does, occur. It thereby fails adequately to explain 
hydrops foetalis and those cases of icterus gravis which develop spastic 
diplegia in later life and those which show necrotic changes in the liver. 
Hemolysis occurs in hydrops, and in addition there are extensive toxic 
changes in the parenchymatous cells and the capillary walls, which strongly 
suggest that the condition is due to a toxin which has some hemolyzing 
influence, and the changes which occur in the liver and central nervous 
system in some cases of icterus gravis also strongly suggest that a toxin 
plays some part in the causation of that disease. 


Summary. 





In this paper the clinical and pathological characters of the 
erythronoclastic (hemolytic) anzemias of the new born are described and 
the view put forward that the embryonic erythropoiesis (erythroblastosis of 
the new born) present in them is a result and not a cause of these anemias, 
Attention is also drawn to the existence of a group of erythronoclastic 
(hemolytic) anzemias which arise late in the neonatal period; are 
unconnected with severe jaundice or oedema; and may not be recognized 
until the children are some weeks old. The similarity between the clinical 
picture presented by some of the older children of this group to that of the 
anemia of von Jaksch, and the light that this may throw upon the causation 
of the latter syndrome, is commented upon. 
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ERRATA (PART IID). 


Page 128, line 19: ‘1 mgrm. per cent.’ read ‘ 0-1 mgrm. per cent.’ 
line 22: for ‘ 11-25 grn.’ read ‘ 11-25 grm.’ 
line 23: for ‘1 grn.’ read ‘1 grm.’ 

















Part V.—The hemolytic (erythronoclastic) 
anzmias of later infancy and childhood : 


with special reference to the acute hemolytic anemia 
of Lederer and the anemia of von Jaksch 


BY 


LEONARD G. PARSONS, M.D., F.R.C.P., 
AND 


J. C. HAWKSLEY, M.D., M.R.C.P. 





The destructive diseases of the erythron which fall for consideration 
under this heading show many points of general similarity although 
individual variations are frequent. In Part IV emphasis has been laid upon 
the fact that the erythron may be affected adversely either in the bone 
marrow or in the circulation; further, that for this reason the term haemolytic 

~\ anzmia was probably incorrect because it stressed the destruction of red 
blood cells, but that the title of erythronoclastic anemia was more correct 
because it indicated that the erythron may be affected in the circulation or 
in the marrow or in both situations. Moreover, this is not the whole story, 
because not only may the erythron itself be affected in either the circulation, 
the marrow or both, but also the other elements of the blood, the 
thrombocyte system and the myeloid leucocyte system, may suffer damage. 
Again, in the latter months of the lactation period the child’s supply of iron 
for hzmoglobin-building is somewhat precarious; a disturbance of the 
erythron is therefore likely to render manifest any iron deficiency and thus 
a deficiency anemia may develop in the course of a hemolytic anemia. For 
these reasons a variety of clinical and hematological syndromes may occur, 
and it is possible that some conditions which hitherto have been regarded as 
quite distinct from the hemolytic anzmias have, in reality, a close 
relationship to them. 
























If the examination of an anemic child discloses an anemia of the 
hyperchromic type, associated with a positive indirect van den Bergh 
reaction in the blood, and the presence .of an excess of urobilinogen and 
urobilin in the urine, the fact that hemolysis has occurred cannot be doubted. 
The coincidental presence. of thrombocytopenia or agranulocytosis, or even 
of both, suggests that they also have been produced by the same causal agent 
acting respectively on the thrombocyte system or the myeloid leucocyte 
system. The degree of marrow response observed indicates the amount of 
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damage suffered by the erythronic cells and those of the other systems in 
the marrow. If the marrow has received only a moderate injury a good 
regenerative response will be found; whereas if it has suffered severely, 
complete destruction or irrecoverable paralysis of marrow function may 
occur and this will produce an increasing anemia and death. The marrow, 
however, may be only temporarily paralysed, and after a day or so, or 
perhaps after a blood transfusion, active regeneration occurs. Further, if 
the child does not come under observation until some time after the onset 
of the hemolysis, the hyper-bilirubinemia may have ceased owing to 
excretion of the bilirubin, and then the blood serum will not give a positive 
indirect van den Bergh reaction. 

Cases in which the thrombocytes are markedly affected may be 
diagnosed as thrombocytopenia, whereas those in which a marked decrease 
in myelogenous cells occur are liable to be classified under the heading of 
infective agranulocytosis (or leukopenia). Since one, two or all three blood 
cell systems may be affected, and in all grades of severity, we agree that 
all these conditions should be regarded as a single entity as suggested by 
Lescher and Hubble*’, and although we have grouped them under the 
heading of destructive diseases of the erythron (erythronoclastic anzmias) it 
could be argued that they should all be classed under the heads of either 
primary myelogenous or primary platelet diseases. 

The cases which we have observed can be divided into four groups : — 

Group 1. Acute hemolytic anemia (Lederer type). 

Group 2. Sub-acute hemolytic anemia. 

Group 3. von Jaksch’s syndrome (subchronic hemolytic anemia). 
Group 4. Acholuric jaundice. 





Group I.—Acute hemolytic anemia (Lederer type). 


In a paper published by one of us in 1931' were described four cases in 
which anemia developed with great suddenness; the children were acutely 
ill and showed enlargement of the liver and spleen, a severe degree of anemia 
with an intense marrow reaction, and in some cases a leucocytosis of 20,000 
to 40,000 per c.mm. All the children made a rapid, and in some instances a 
spontaneous, recovery. This condition was regarded as due to an intestinal 
infection because abdominal pain and diarrhoea or vomiting were associated 
symptoms. Dr. Lederer kindly drew our attention to the fact that these 
cases were examples of a symptom complex of which he had seen three 
examples and which he had described in 1925 as ‘ a form of acute hemolytic 
anemia probably of infectious origin.” He had been unable to find any 
earlier description of this form of anemia in the literature and hence its 
designation as ‘ the Lederer type ’ seems justified. In 1980° he reported 
three additional cases, and of this total of six cases three occurred in children 
aged three years, sixteen and six months respectively. All the children, 
but not all the adults, showed some gastro-intestinal symptoms, and since 
such symptoms have been absent in other children seen by us, we have come 
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to the conclusion that if these cases are infective in origin the infection 
is not necessarily intestinal. The condition is a rarity; thus O’Donoghue 
and Witts' have been able to collect only thirty-six cases, of which eleven 
were between the ages of two and thirteen years. These writers do not 
mention the cases decribed by us, and exclude from their survey children 
under the age of two years, and the acute hemolytic anemia of pregnancy. 
Further, they point out that many of the cases are reported under varying 
headings such as acute febrile anemia. We have now had a further series 
of five cases, bringing the total number we have seen in children up to nine. 












The following case is a typical example of the severest form of this 
condition : — 


Case 1.—A. S., male, aged 2 years and 7 months, was admitted to hospital on 
May 28rd, 1932, with a history that he had always been rather pale, but never ill until 
three days previously, when he became feverish and vaguely unwell. Thirty-six hours 
before admission he was noticed to become extremely pale, and on the day before 
admission he was observed to be yellow and to pass blood in his urine. His bowels 
had not been opened for 2 days, and there had been no vomiting. 











On admission he was found to be a well-built and well-nourished child who was 
profoundly ill. He was stuporose, somewhat dyspneeic, and deeply jaundiced; his 
mucous membranes were very pale. A few purpuric spots were present on the trunk 
and limbs and there was hemoglobinuria. The spleen was enlarged, the edge being 
1 in. below the costal margin; enlargement of the liver was not demonstrable. 




















The details of the blood examination at this date are given in the accompanying 
lists. The Arneth count was as follows:—I, 64; II, 35; III, 1 per cent. Weighted 
_ mean 1-37. Anisocytosis and poikilocytosis were present. 





Date 25.5.82. 26.5.32. 27.5.32. 28.5.32. 4.6.32. 30.6.32. 


Red cells, per c.mm. ... 1,100,000 1,510,000 1,070,000 1,560,000 1,590,000 4,200,000 
Hemoglobin, p.c. ini 32 35 28 28 42 88 
Colour index ... “a 1-5 11 1-4 0-9 1:3 1-1 
Reticulocytes, p.c.... 3:5 3:5 2:1 29°5 
Leucocytes, per c.mm. 26,900 28,300 29,200 37,100 6,500 9,000 
Myelocytes _ an 0 3 3 l 0 0 
Neut. metamyeloc., 
immature, p.c. 7 3:5 4 4 | 

mature, ,, 15 9:5 é 6 1-5 
Neut. polymorph., ,, 41 54 56 55 33:5 39:5 
Eosinophil __,, - 0 0 2 3 2 5°5 
Basophil a mm 0 0 ,] 2 0-5 
Lymphocytes, large, ,, 13 13 14 16 31 \ 49 

small, ,, 13 10-5 13 10 25 ;* 


Monocytes, p.c. a 3 6°5 5 3 4 


ut 
Or 










Course. Shortly after admission the boy was given a transfusion of 4 oz. of 
blood which produced an immediate improvement both in the general condition and 
the colour of the mucous membranes; twelve hours later, however, he again became 
desperately ill and stuporose, apparently having hxemolyzed all the donor’s blood. 
At this time jaundice and pallor were still marked, the size of the spleen was 
unchanged but the liver was just palpable. Therefore, another 4 oz. of blood were 
transfused fifteen hours after the first transfusion: nine hours after the second 
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transfusion hemoglobinuria was still marked and so a third transfusion of 4 oz. of 
blood was given. On the following day, May 27th, the urine still contained a 
considerable amount of hemoglobin and a fourth transfusion of a similar amount 
of blood was given. Later, on the same day, the urine still showed albuminuria, but 
became free of hemoglobin and red blood cells. After this date the urine was found 
to show hemoglobin on one occasion only, and even then another specimen passed 
later in the same day was free from hemoglobin although a faint haze of albumin, 
urobilinogen in excess, urobilin and a trace of bilirubin were present. On May 29th, 
the child was still ill and pale, but the jaundice was distinctly less, the 
lower border of the liver was felt half an inch below the costal margin in the mid- 
clavicular line; and the spleen had slightly diminished in size. On May 3ist a 
purulent nasal discharge occurred which lasted for twelve hours. From this time 
forward improvement became more and more obvious. On June 3rd, pallor was 
still present, but jaundice was no longer obvious, the liver had become normal in 
size and the spleen was only just palpable. On June 7th the spleen could no longer 
be felt, the child’s general condition was good, and the pallor was obviously 
diminishing. The improvement continued until on June 24th the child appeared 
to be a perfectly normal child and on June 25th, less than six weeks from the start 
of the illness, the hemoglobin was 88 per cent. and the red cells 4,200,000 per c.mm. 


It will be noticed that a reticulocytosis was present on admission to 
hospital and on the fourth day of the illness, and ten days after admission 
reached 29:5 per cent. Another interesting feature is that the fragility of 
the red cells was increased and that this gradually diminished until 
on discharge it had reached a normal level. This variation, which has been 
noticed by others, is somewhat difficult to explain unless the hemolytic agent 
had affected all the red cells rendering them more fragile, but not completely 
hemolyzing all of them. 


Attempts were made to find out any possible causal infection. The only 
indication of any infection was the occurrence of a nasal discharge which 
lasted for a period of twelve hours on May 31st and cultures taken on this 
day showed numerous micro-organisms none of which was hemolytic. 


Here, then, is a case which shows the dramatically sudden onset of a 
severe hyperchromic anzmia associated with jaundice and hemoglobinuria, 
in which there is an intense marrow reaction, and which, after a series of 
blood transfusions, shows a recovery almost as dramatic in character as the 
onset. No other form of treatment whatever was given with the exception 
of a single dose of potassium bromide. 


The clinical picture in this type varies in details in different cases, but 
in its essentials remains the same. Thus although hemoglobinuria and 
intense jaundice have only been seen in the foregoing case, the rapid onset 
often with a quite dramatic suddenness and the production of severe anemia 
tending to be of a hyperchromic type is characteristic of them all. Some- 
times the condition is so severe that not only is the erythron destroyed, but 
the damage to the marrow also is so great that the myeloid and platelet 
system suffer, and there is little or no evidence in any of the three systems 


of a bone-marrow reaction. This state of affairs is exemplified in the 
following case ;— 
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Case 2.—I. W., female, aged 6 months, who, her mother said, never had any 
colour and for 3 to 4 weeks before admission to hospital had been getting yellower. 

On admission she was obviously anemic and examination of her blood showed 
that the hemoglobin was 35 per cent.; red blood cells 1,850,000, leucocytes 5,300, and 
platelets 75,000 per c.mm., colour index 0-95; reticulocytes 1:4 per cent. There was 
a considerable degree of anisocytosis. No abnormal white cells were seen and the 
myelogenous cells were few in number. The fragility of the red cells was normal. 
The urine showed urobilinogen in excess and a slight positive reaction for urobilin; 
a positive delayed direct van den Bergh was present, and the indirect reaction was 
also positive to the extent of 0-9 units of bilirubin. 

It is obvious from this description that not only was there an almost complete 
absence of regenerative response on the part of the bone marrow portion of the 
erythron, but also that the myeloid and platelets systems had been damaged, the 
circulating elements being destroyed and their precursors in the marrow paralysed. 

Course. In this case there never was any response by the bone marrow, the child 
became progressively weaker and the pallor increased, and 8 days later the blood 
revealed a definite increase in the anemia, thus:—hzemoglobin 27 per cent.; red 
blood cells 1,250,000, leucocytes 9,250, and platelets 22,400 per c.mm.; colour index 
1:08. No reticulocytes were seen, anisocytosis was still marked, there was some 
stippling of the red cells and some erythrocytes showed Cabot’s rings. Except for 
a very few basophil cells polychromasia was not present, and only one or two 
normoblasts were seen. On the day following this blood count 2 oz. of blood were 
transfused, but this was unavailing and the child died a few hours later. An autopsy 
was not permitted. 


There can be little doubt that this case was an example of a true aplasia 
of the marrow (aplastic anzmia) due to the action of some noxious influence 
on the circulating cells of the blood and on the marrow cells. We believe 
that we are right in regarding this case as an example of acute hemolytic 
anemia. We should not hesitate to do so had the child recovered, or had 
we not carried out an autopsy on another child who clinically was a typical 
example of an acute destructive disease of the erythron, myeloid, and 
platelet systems with practically complete absence of marrow response. 

The case to which we refer was of extreme interest, not only because 
it illustrated the difficulties of diagnosis, but also because on microscopical 
examination it proved to be an instance of non-leukemic reticulo- 
endotheliosis, a condition described by German writers and _ hitherto 
unrecognized in this country. Here we give a short description of the 
clinical details; it will be more fully discussed in a later paper (Part IX). 


Case 3.—J. W., male, aged 21 months, was said always to have been pale; three 
months before coming under observation he had developed an abscess in the neck 
which had been evacuated and healed normally. He remained well until 10 days 
before admission to hospital, when a small abscess over the bridge of the nose and 
a swelling below the right eye developed, and three days later a swelling in the 
region of the left parotid gland. After these foci had developed he gradually became 
paler and was noticed to bruise easily. On admission there was marked waxy 
pallor, bruises on both legs, a small abscess in the lower right eyelid and an abscess 
in the left parotid. The spleen was palpable 1 in. below the costal margin, the liver 
was not enlarged. The mucous membranes were pale, hemic murmurs were present 
over the heart, and the lymph glands in the neck, axille and inguinal region were 
very slightly enlarged. There was no jaundice. The urine showed an excess of 
urobilinogen and of urobilin, but no bilirubin; the blood gave a slight delayed direct 
den Bergh and a positive indirect reaction (0-4 units of bilirubin). Fragility was 
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normal. The hemoglobin was 26 per cent., red blood cells 1,360,000 leucocytes 950 
and platelets 21,300 per c.mm; colour index 1-0, reticulocytes 0-2 per cent. The films 


did not show nucleated red cells, anisocytosis or polychromasia and there were xo 
abnormal white cells. Of the leucocytes only 8 per cent. belonged to the granular 
series. 

This child died a little over three weeks later and during this period the bone 
marrow showed very little evidence of regenerative action. At one time there was 
a slight increase in hemoglobin, red and white blood cells and platelets; also a 
reticulocytosis of 5 per cent. and a degree of polychromasia and anisocytosis occurred, 
and 1 and 1-5 respectively of normoblasts and megaloblasts per 100 white cells were 
seen. The temperature was raised for 6 days before death, and reached 105° shortly 
before death occurred. 





Nutritional anzemia associated with acute hzmolytic anzemia.—In other 
instances, although after transfusion there has been evidence of a goad 
marrow response, a return to a normal blood picture has not occurred, but 
in its stead the picture of a nutritional anemia has developed and only after 
the exhibition of iron has a complete recovery been effected. These are 
cbviously instances either of the lighting up of a latent nutritional anemia 
by an acute hemolytic anemia, or of the supervention of hemolysis in the 
actual course of a nutritional anemia. The following is a good example of 
such an occurrence. 
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GrarH 1,—Case 4: nutritional anemia associated with acute hemolytic anemia. 


Case 4.-—-K. H., male, aged 5 years; had suffered from asthma for about 
6 months during which time it was noticed that he was rather pale. For 2 weeks 





190 ARCHIVES OF DISEASE IN CHILDHOOD 


before admission the pallor had become more marked and he had vomited once, but 
he had not been confined to bed until the day of admission to hospital. On this 
day he became extremely ill and complained of pain in the upper abdomen. 


On admission he appeared very ill and intensely pale, the skin being of a waxy, 
slightly yellowish, colour resembling that of a child with acute leukemia; the mucous 
membranes were blanched, but the conjunctive did not show any icteric tint; 
dyspnoea was marked and air-hunger extreme. He was restless and complained of 
upper abdominal pain due to a tender liver which extended 2 in. below the ribs in 
the mid-clavicular line. The spleen was not enlarged, nor was there any glandular 
enlargement. There were hemic murmurs over the heart, but no petechiz nor retinal 
hemorrhages were seen. The temperature was 100°, pulse rate 150, rising in a few 
hours to 180, and respirations 35 per minute. An examination of his blood revealed 
that the hemoglobin was less than 20 per cent., the red cells 1,240,000, leucocytes 
15,800, and platelets 570,000 per c.mm.; poikilocytosis, anisocytosis, and very siight 
polychromasia were present, but the white cells did not show immaturity. 


In the course of the first 4 days after admission the child was given three blood 
transfusions, 3, 7, and 6 oz. respectively. These relieved the urgent dyspnoea; the 
respirations, which had reached 54, dropping to 24 and the pulse rate to 100 per 
minute one week after admission. On the 8th day a definite reticulocytosis was 
present and thereafter considerable clinical and hematological improvement occurred, 
but although as shown in Graph I, five weeks after admission the red cells had 
reached 4,880,000 per c.mm. the hemoglobin hovered between 40 and 50 per cent. for 
a month. It seemed obvious, therefore, that the original haemolytic anemic had been 
replaced by a definitely hypochromic, possibly nutritional, anzemia. At this time 
the stomach contents were examined after a barley gruel test meal, because it was 
thought the condition might be an achlorhydric anewmia; free hydrochloric acid 
was found to be present in the gastric juice although in small amount. Iron 
was now given in the form of reduced iron, 9 grn. a day; a fresh reticulocyte ‘ kick ’ 
occurred and the child went on to make a complete recovery. 


Sometimes although the onset of the disease may be acute and the 
resulting anemia considerable, the child docs not appear as acutely ill as 
those described above and recovery occurs spontaneously without any 
treatment. 


Case 5.—B. M., female twin, aged 14 months. When first seen this child gave a 
positive indirect van den Bergh reaction (0-95 units of bilirubin) in the blood; 
urobilinogen in excess and urobilin were present in the urine. She also showed 
severe marrow damage by the presence of leucopenia and thrombocytopenia. During 
recovery it was obvious she had suffered from actual or latent nutritional anzmia 


Date 28.6.32. 2.7.32. sy sy B 214 ee 19.8.32. 2.9.32. 14.9.32. 
Red cells, per c.mm. 1,613,000 2,036,000 2,893,000 4,267,000 3,537,000 4,293,000 5,027,600 
Hemoglobin, p.c. 32 42 46 48 47 55 70 
Colour index ... 1 1-05 0:8 0:57 0-67 0-64 0-7 
Reticulocytes, p.c. 2 13-2 4-8 3-6 1-3 2 2-6 

76,000 227,000 plentiful 

Leucocytes, p.c. 5,100 10,750 13,550 16,800 
Normoblasts, ,, 1 seen 5 
Anisocytosis_... + +++ +++4 +++ tok coo ++ 
Poikilocytosis_ ... ++ ++ + a + 
Polychromasia ... + +++ +++ +++ +4 ++ ++ 


Punctate basophilia + + 


3.10.32. 


6,340,000 
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before the hemolytic anzmia developed, in that, as in the previous case, the 
hyperchromic anemia changed under treatment into a hypochromic anemia (see 
blood counts) requiring iron for its complete cure. The observation is of interest 
because this child was not noticed to be pale until a week before admission, and 
the pallor had increased rapidly during the three days prior to admission. Her twin 
brother admitted on the same day, had been pale for months. He also 
presented a hemolytic anemia, but of the sub-acute type, superimposed on a 
nutritional anemia (see Case 8). 


Relapse from intercurrent infection—One case was noteworthy in 
showing that an infection developing in the course of treatment may produce 
a relapse and delay recovery until the infection is cured, and thereby perhaps 
contributes something to the discussion on etiology. 


Case 6,—D. A., female, aged 11 months who, although always a pale baby, had 
become paler and slightly jaundiced four days before admission. On admission 
the blood showed the changes characteristic of a severe hemolytic anemia, the red 
cell count being only 800,000, and the white cell count 14,100 per c.mm. of which 86 per 
cent. were lymphocytes, the hemoglobin was 18 per cent. and the colour index 1-12. 
Anisocytosis was very marked, polychromasia and poikilocytosis were also present 
but to rather a lesser degree and the halometer reading was 7-84. The child was well 
nourished, not jaundiced, but extremely ill and had a temperature of 100, pulse rate 
180 and respirations 70 per minute. On the second day after admission the urine 
showed urobilinogen and urobilin in excess, and gave a positive test for bilirubin. 
The van den Bergh test gave negative direct and indirect reactions with the blood 
terum. Shortly after admission 40 c.cm. of blood were transfused and 18 hours 
later a second transfusion of 50 c.cem. was given. As a result the temperature fell, 
the respiration and pulse rates diminished and the child’s general condition improved. 
The blood also showed an improvement, but only up to a certain point, since the red 
cell count and hemoglobin remained ai about the same level (two millions and 
forty per cent. respectively) until the twelfth day after admission. Four days later 
(16th day) the child became worse, vomited, and had three loose green offensive 
stools in 24 hours. The temperature rose to 102°, pulse to 180 and respirations to 
70 per minute: coincidentally the red cells fell to 1,490,000 per c.mm. and hemoglobin 
to 28 per cent. Examination of the urine next day showed the presence of a dense 
cloud of albumin, pus, and red blood cells. Another blood transfusion of 60 c.cm. of 
blood produced considerable improvement, the temperature, and the frequency of 
the pulse and respirations diminished and the blood was restored to its former level. 
The blood, however, did not show any further improvement until the urinary 
condition had completely cleared up, after which steady progress occurred until 
cure was complete. It is interesting also to note that the spleen was not palpable 
until after the relapse when it reached to 1} in. below the costal margin. 


Results.—Of the nine cases we have seen, eight recovered. Five were 
transfused, these being the most severe cases and their response to treatment 
was remarkable; one of the transfused cases died, but we believe that in this 
instance the transfusion was delayed until too late. The beneficial effects 
of transfusion in hemolytic anemia may be due, as suggested elsewhere, 
io the supply of some missing factor and thus bring the hemolytic into the 
category of deficiency diseases of the erythron; or it may be that it allows 
the bone marrow time to recover from the injury, tiding it over the acute 
part of the attack until such period as it is able to repair the damage by 
sending forth new cells into the circulation. 
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By way of contrast to these results we report the following case which, 
in its inception and response to treatment by blood transfusion, appeared 
to be a typical case of acute hemolytic anemia, but which, three weeks after 
what had appeared to be a complete recovery, relapsed, and on re-admission 
to hospital soon showed evidence of acute leukemia which rapidly proved 
fatal. 





Case 7 J. E., male, aged 4 years, was admitted on September 25th, 1929. 
Until a month previously he had been perfectly well, but had then become listless 
and somewhat pale. Ten days before admission he had had a rigor, a temperature 
of 105° and passed frequent watery dark brown and offensive stools, and afterwards 
his pallor and weakness had increased. 

When admitted to hospital his temperature was 100°, pulse rate 156 and 
respirations 40 per minute; he was intensely pale, his face being of a café-au-lait colour, 
and there were a few small glands in the neck, groins and axilla. The spleen was 
not enlarged and a systolic murmur was audible over the heart apex. His red 
blood cell count was 1,600,000 per c.mm., and the blood film showed marked 
variations in size and shape of the erythrocytes but no nucleated red cells, nor was 
there any obvious increase in the number of leucocytes. On September 28th he was 
given a transfusion of 40 c.cm. of blood and thereafter showed slight improvement. 
On September 30th numerous hemorrhages were present in both retinz, but on 
October 4th his red blood count was lower than on admission, being 1,400,000 and 
his platelets 11,800 per c.mm. There was nothing abnormal in the differential white 
count. On October 6th he was again transfused, this time with 60 c.cm. of blood, 
and on the following day urobilinogen in excess and urobilin were present in the 
urine. From this time he improved continuously, and on October 11th the red blood 
cell count was nearly two millions and the leucocytes 7,600 per c.mm., the hemoglobin 
was 29 per cent. On October 24th his colour was quite good, the apical systolic 
murmur had disappeared, but urobilinogen and urobilin were still present in the 
urine on the 30th. He was discharged from hospital on November 14th, having 
apparently made a complete recovery, although he still had a slight anemia, the 
red cell count being 4 millions and the hemoglobin about 70 per cent. In addition 
tu the blood transfusions he had been given two drachms of dried lettuce and a 
quarter-tube of liver extract daily. 

After discharge from hospital he remained well for three days, then he lost 
his appetite and his weight declined. He was therefore readmitted on December 7th, 
looking thin and pale. There was no rise of temperature; the abdomen was 
considerably distended, the superficial veins being very prominent; the liver reached 
half-way to the umbilicus, and the spleen was just palpable. An examination of 
the blood count on December 10th showed a hemoglobin of 64 per cent., red cells 
just under 4 millions, white cells 7,800, and platelets 350,000 per c.mm., a count 
very similar to that on his discharge from hospital. A week later he appeared much 
paler, the liver and spleen had increased in size, the left kidney was enlarged and 
lymphatic glands were palpable in the neck, axilla and groins; the red cell count 
had fallen to 2,750,000, and the platelets to 56,000 per c.mm., but the leucocytes had 
increased to 18,160 per c.mm. of which 82 per cent. were large lymphocytes and 
13:1 per cent. lymphoblasts the latter reaching 61 per cent. a week later. It was 
now obvious that the boy had a lymphatic leukemia and from this time he went 
rapidly downhill, hemorrhages occurred, the left renal tumour increased in size, 
as did the lymphatic glands, and he died on December 28th. The diagnosis of 
acute leukemia was confirmed at autopsy. 


Group 2.—Subacute hemolytic anzemia. 


The differentiation of subacute from acute hemolytic anemia is based 
entirely on the more gradual onset of the illness, the clinical history therefore 
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lacking the dramatic character noted in the acute group. The members of 
this group show variations in the degree of acuteness of the illness; some 
closely resemble the acute hemolytic anemias, and others show 
characteristics approaching those found in the third group (von Jaksch’s 
syndrome). The following is an example of a case very similar to an acute 
bemolytic anemia, 


Case 8.—A. M., male twin, aged 14 months who, like his twin sister (see Case 5) 
was admitted to hospital on the same day, showed a hemolytic anzmia superimposed 
on a nutritional anemia which was unmasked when the former was cured. The 
boy had not been well since an attack of broncho-pneumonia at 5 months. He had 
never had much colour, but was said to be ‘ paler than when born.’ 

On examination he was found to be apyrexial, somewhat poorly developed and 
pale, but not jaundiced. There was clinical and radiographical evidence of healing 
rickets, but no enlargement of liver or spleen. The urine contained a slight excess 
of urobilinogen, but no urobilin nor bilirubin. Examination of the blood showed 
hemoglobin 40 per cent., red blood cells 2,018,000, leucocytes 11,900 and platelets 
130,000 per c.mm.; colour index 1-0; reticulocytes 6 per cent.; average diameter oz 
red blood cells (halometer) 8-19,.  Polychromasia and anisocytosis were well marked 
and there was some poikilocytosis and punctate basophilia. Two normoblasts per 
100 white blood cells were present. The Arneth index gave a weighted mean of 
8-20 and the fragility was normal. 

The red cell count but not the hemoglobin improved, until after one month in 
hospital the figures were 3,187,000 and 39 respectively, the colour index being 0-6. 
There was still very definite polychromasia but only a slight degree of poikilocytosis, 
the anemia now being of the nutritional type. Up to this point radiostol only had 
been given with a diet of cows’ milk, but from this time onwards 3 grn. of reduced 
iron were given daily and a mixed dietary started. Improvement was continuous and 
in 6 weeks the blood was practically normal. 

In view of the fact that the child and his twin were both in hospital at the same 
time with a hemolytic anemia, the possibility of lead anzmia was considered, but 
neither child showed a lead line at the ends of the long bones nor the presence of 
lead in the urine. 

As an example of subacute hemolytic anemia showing a picture which 
approximated to that of the von Jaksch’s syndrome the following case may 
be cited. 


Case 9—D. W., male, aged 11 months, was admitted to hospital with a history 
of having been well until 3 weeks before admission, during which time he had lost 
weight. 

On examination he was found to show definite signs of rickets, was pale and 
showed some bruising of the forehead; the liver and spleen were enlarged to 3 in. 
below the costal margin im the mid-clavicular lines. The urine showed a slight excess 
of urobilinogen but was free from urobilin and bilirubin. The blood gave an indirect 
van den Bergh reaction (0-5 units of bilirubin) and the fragility of the corpuscles 
was normal. Hemoglobin was 61 per cent., the red blood cells 2,818,000 and 
leucocytes 10,650 per c.mm.; colour index 1-09, reticulocytes 6-8 per cent. The blood 
film showed marked polychromasia, anisocytosis, poikilocytosis and megalocytosis; 
there was a slight degree of stippling. One megaloblast and two to three normoblasts 
were counted for each 100 white blood cells. The platelets were greatly reduced in 
number and a differential leucocyte count showed the presence of 2-6 per cent. of 
myelocytes, metamyelocytes and myeloblasts. 

On the third day after admission the child developed chicken pox, and two days 
later the anemia was slightly more marked, but by four days later a great improve- 
ment had occurred, his red cells having increased by about 1,000,000 per c.mm. and 
the hemoglobin by 10 per cent. At this time vitamin D was administered and 
3 weeks later the child had made a complete recovery. 

‘ cz 
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Discussion of acute and subacute hzemolytic anzemia. 


The variations in symptoms occurring in acute and subacute hemolytic 
anemia are well illustrated by the foregoing cases. It may be thought that 
the division into acute and subacute groups is both arbitrary and 
unnecessary. Although it may be admitted that there is no sharp differentia- 
tion between the two groups, yet in practice it is quite possible to distinguish 
some cases which develop more speedily and which show a more dramatic 
clinical picture than others. 


Acute hemolytic anzemia.—In this group the onset may show symptoms 
suggestive of an acute intestinal infection; thus in some cases there occurred 
pyrexia, diarrhcea, vomiting, and in two cases even abdominal pain, due in 
one to a sudden enlargement of the liver. In others, although the initial 
symptoms may suggest the occurrence of an acute infection, there is nothing 
to indicate that this infection is from the intestine. This onset is followed 
by the development of a severe degree of pallor which may reach its 
maximium in one or two days, or take as long as two or three weeks. The 
pallor not infrequently has the curious yellow waxy appearance so 
characteristic of acute leukzmia, or at other times it is of a café-au-lait tint. 
Associated with the onset there may be severe respiratory distress manifested 
by rapid respirations and sometimes air-hunger, both due to anoxemia from 
the rapid onset and severe degree of the anemia. The degree of pyrexia 
varies, In the most severe cases of the series, the temperature only rose to 
99°, but in one case it reached 105°. The majority, however, only showed 
a mild degree of pyrexia. When these children were first seen it was obvious 
that they were desperately ill, some indeed being in extremis. In the most 
severe case (Case 1), intense jaundice and hemoglobinuria occurred; the 
others were not obviously jaundiced although some were thought to show 
a faint icteric tinge, and three showed bilirubinuria. The spleen was palpable 
in six of the nine cases, although in Case 6 it only became so after a 
recrudescence of the hemolysis. The degree of enlargement varied very 
considerably from a state in which the spleen was only just palpable to one 
in which the edge reached to a distance of 3 in. or more below the ribs. 
The liver was only enlarged in three cases: in two of these both liver and 
spleen were enlarged; in the third there was no splenic enlargement, but 
the liver was very tender on palpation. Glandular enlargement, and that 
only to a slight degree, was noted in one case. Bruising or petechie were 
present in three cases, and the urine contained red blood cells in two others. 
Hezemic murmurs were frequently noted. 


At the time when the children first came under observation their blood 
showed hemoglobin values varying from under 20 to 50 per cent.; the red 
cell count from 800,000 to 2,800,000 per c.mm., and the colour index from 
0-7 to 1:45. In seven instances the index was unity or above and only in 
one case, where the index was 0-7, could the condition be regarded as a 
hypochromic anemia. The other was over 0:8, a figure which in an 
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infant under fifteen months is equivalent to an index of unity in children 
above that age. Signs of an intense marrow reaction were present in the 
cases which recovered, either at the time of coming under observation or 
following a blood transfusion; thus reticulocytosis rising in some cases to 
a high degree, and a marked degree of immaturity of the red cells were 
present in the film. Anisocytosis, poikilocytosis, polychromasia, punctate 
basophilia were pronounced, and this is the only form of infantile anemia 
in our series in which punctation and Cabot’s rings have been seen. 
Nucleated red cells were present in six, and megaloblasts in three instances. 
The anemia has constantly been of the megalocytic type as shown by the 
high colour index and the presence of megaloblasts and megalocytes in the 
peripheral blood. We regret that we have no Price-Jones curves of our 
cases but in all cases the halometer readings, if any value can be attached 
to them, have shown the presence of megalocytosis. We are aware that 
megalocytosis has been said by O’Donoghue and Witts not to occur in the 
acute hemolytic anemia of Lederer, but we can only say that in addition 
to the halometer findings we have found megaloblasts, although not in large 
numbers, in the peripheral blood in two cases and Lederer himself reported 
this occurrence in some of his cases. A reference to the Price-Jones curve 
reproduced in Fig. 2 will show that megalocytosis occurs in the subchronic 
form of hemolytic anemia. The fragility of the red cells was increased in 
one case only, and gradually returned to normal as the child’s condition 
improved. 


The leucocytes varied from 5,100 to 45,000 per c.mm. In the instances 
where low counts occurred they were in great measure due to diminution 
in the cells of the marrow series, an indication that these myeloid cells of 
the marrow as well as the marrow portion of the erythron had been affected. 
In some cases, in Case 1 in particular, there was a large number of immature 
cells of the myelocyte series. The platelets varied from 14,000 to 130,000, 
the lower figures showing that these were also damaged at their origin in 
the marrow exactly as were the red and granular white cells. In six of 
the eight cases in which the tests were carried out additional evidence of 
the occurrence of hemolysis was found in the presence of an indirect van den 
Bergh reaction in the blood, or in the presence of an excess of urobilinogen 
or urobilin in the urine, and sometimes of all of these. We have already 
pointed out that if the child is not seen until some days after the hemolysis 
has occurred it may have had time to deal with and excrete the excess of 
blood pigments, and in such cases the blood serum does not give a positive 
indirect van den Bergh reaction nor the urine show an excess of urobilinogen 
or urobilin. 


Of the nine cases, four recovered without transfusion. These, however, 
were not so extremely ill as the other five, of which four recovered after 
transfusion. The fatal case (Case 3) was interesting because when first seen 
there was evidence of damage to all the marrow systems, erythron, myeloid 
cells and blood platelets, and we think it is probable that transfusion was 
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delayed until too late. From our further experience we believe that 
repeated transfusions might have saved this child. Since an autopsy was 
not allowed this case might be classed as an aplastic anemia, but, for reasons 
already given, we believe that it is more correctly regarded as an acute 
hemolytic anemia in which the marrow was so badly damaged that recovery 
under the treatment given was impossible. It is, of course, possible for 
the marrow to be so damaged that it will not respond to any form 
of treatment and the symptoms progress until death occurs. In spite of the 
fact that the less seriously ill children who show a good reticulocytosis may 
recover spontaneously, we have no hesitation in saying that immediate, and 
if necessary repeated, blood transfusions should be given in every case. This 
may act simply by tiding the patient over the time of inhibition of the bone 
marrow, or it may have some stimulating effect on the marrow, possibly 
supplying something in which it is deficient. In whichever way it acts there 
is no doubt that it is frequently a life-saving measure. 

Progress towards recovery naturally varies in different cases. It tends 
to be rapid at first and considerably slower in the later stages. Slight 
relapses are not uncommon, and in one instance (Case 6) rather a marked 
relapse occurred. Nevertheless, considering the great severity of the illness, 
recovery really takes place with considerable rapidity and, what is even more 
important, appears to be permanent. In very severe cases the haemoglobin 
will reach 60 per cent. or even higher before the colour index falls below unity 
and the megalocytes disappear. In one severe case (Case 1) the child reached 
and maintained a normal hemoglobin for its age (80 per cent.) although 
the megalocytic process was still present. In two cases (Cases 4 and 5) in 
our series recovery occurred from the hemolytic anemia but a nutritional 
anemia either developed or was unmasked, for the cure of which iron was 
required; and it is interesting to note that one of these children, aged five 
years, showed a considerable degree of hypochlorhydria. Bearing in mind 
the usual tendency to iron deficiency at the end of the lactation period it 
is always advisable to give iron to infants under a year or fifteen months who 
are suffering from acute hemolytic anemia. 


ZETIOLOGY.—Speculation on the etiology of acute hemolytic anemia 
is interesting, but of certain knowledge as to its cause there is none. The 
picture suggests that the illness is the result of some infection, but like all 
other writers on this subject we have been unable to discover the infecting 
agent. It is possible that the same picture can be produced by more than 
one etiological factor. In one of our series a recurrence of haemolysis 
occurred coincidentally with the development of an attack of pyelitis 
(B. coli) and recovery began directly the pyelitis was cured, but whether the 
two incidents were rélated it is impossible to say. 

The age incidence of our cases has been from seven months to five years: 
six of them being under two years old. The latest paper on the acute 
hemolytic anemia of Lederer with which we are familiar is that by 
O’Donoghue and Witts* who dismiss from consideration ‘ cases under the 
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age of two years and also cases in pregnancy as the reactions of the blood- 
forming organs at these times are poorly understood and often extreme.’ 
This sacrifice they say is made ‘ in the interests of clarity, as there is much 
to suggest that the acute hemolytic anemia of Lederer does occur in 
the infant and the pregnant woman.’ We fail to see how the subject is 
clarified by the exclusion of infants and it may be accepted without question 
that this form of anemia does occur under two years, if for no other reason 
than that two of Lederer’s own cases were actually under that age. 

The difficulties in separating acute hemolytic anemia from leukemia 
are well illustrated in our series. On the one hand, in Case 1 the immature 
cells of the granular series reached 30 per cent. of a white cell count of 26,000, 
which suggests the possibility that some cases which have been recorded as 
recoveries from acute leukemia were examples of acute hemolytic anemia. 
On the other hand, Case 7 appeared to be a typical acute hemolytic anemia 
with recovery, but three weeks after his supposed recovery was found 
to be suffering from acute lymphatic leukemia. A further difficulty in 
diagnosis is illustrated by Case 3 of our series, which appeared to be an 
example of an acute destructive disorder of the erythron, and myeloid and 
platelet systems, without marrow response. Yet at autopsy there was found 
a non-leukemic reticulo-endotheliosis. In our opinion, a diagnosis of acute 
hemolytic anemia should always be viewed with suspicion unless the patient 
recovers or the diagnosis is confirmed by autopsy. 

Subacute hzmolytic anzemia.—We have seen four cases which we 
should classify under this heading. Three of these were admitted to hospital. 
Of these four children, two were members of two pairs of twins; in one 
instance the other twin had an acute hemolytic anemia, and in the other 
the corresponding twin had a nutritional anemia. 

The differences in the onset and the clinical picture between this and 
the acute group have been mentioned. Only one of these children had 
pyrexia and this child also had rapid respirations; all the children were pale, 
one showing the café-au-lait complexion. The spleen was palpably enlarged 
in two cases, in one to a considerable degree, and in this child the liver 
also showed definite enlargement. Urobilinogen in excess was present in 
the urine in two and an indirect van den Bergh in one case. The fragility 
of the red cells was normal. The colour index varied from 1:0 to 1:14. In 
each case the red cells showed a considerable degree of anisocytosis and 
polychromasia; to a lesser degree poikilocytosis was present in three cases, 
as also were nucleated red cells. Reticulocytosis was present in the three 
patients admitted to hospital and in one a considerable degree of 
megalocytosis. The red cell counts varied from 1,409,000 to 2,818,000, the 
white cells count from 9,000 to 11,000 per c.mm. All the cases made a 
good recovery without transfusion, but the remarks made under acute 
hemolytic anemia on the advantage of giving iron and the value of blood 
transfusions, if the anemia be severe and without evidence of reticulocytosis, 
apply to subacute hemolytic anemia. 
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It may be noted that one of the children in this group had suffered from 
whooping cough before coming into hospital and developed pneumonia 
during its convalescence. Another was incubating chicken pox, and it could 
be objected that herein lay the cause of its anemia. This is a possibility, 
but against such an explanation are the facts that the syndrome produced 
was similar to the other cases and, further, that there is no evidence as yet 
forthcoming specifically to connect chicken pox with a hemolytic anemia. 


Group 3.—von Jaksch’s syndrome (subchronic hzmolytic anzmia). 


During recent years much controversy has centred round the syndrome 
known as von Jaksch’s anemia, splenic anemia of infants, or anemia 
pseudo-leukzmica infantum. This condition, which is insidious in onset, 1s 
confined to the first three years of life, and the majority of the patients are 
under two years of age. Some writers assert that it is a disease sui generis, 
which others as stoutly deny. Many agree with the view of Naegeli that 
it is a special form of biological response on the part of the blood to any 
injury—infectious, toxic, alimentary, etc.—a response which can only occur 
during the first months of life. 

There is a lack of clear definition as to what is, and what is not, included 
in the term von Jaksch’s anemia. For example, American writers seem 
to have a somewhat different conception of this syndrome from British 
writers, and regard it as an ‘ anemia with splenomegaly, leucocytosis, and 
a moderate number of immature leucocytes and erythrocytes in the blood,’ 
manifestations which, as pointed out by Blackfan, Baty, and Diamond’, may 
be produced by a number of known morbid processes. Amongst British 
pediatricians it is customary to regard the following clinical picture as that 
of von Jaksch’s anemia. The child, usually well nourished, shows marked 
pallor of rather waxy type. (dema of the ankles may be present and not 
infrequently petechiz on the limbs and trunk. The liver and spleen are 
enlarged; the latter may reach even to the iliac crest and to the right of the 
umbilicus. As a result the abdomen is markedly enlarged and large veins 
may be seen on its surface. The lymph glands are as a rule not palpable. 
In many instances clinical signs of rickets are obvious, and both rickets and 
syphilis have without any real evidence been regarded as causative factors. 
The prognosis is good, and recovery, when it occurs, is complete. 

The blood changes which are usually accepted as characteristic are well 
summarized in the following quotation (Thursfield*) : — 

The red cells are diminished to 2,500,000 per c.mm. or less. There is always 
poikilocytosis, and polychromatophilia and nucleated cells are common. The 
hemoglobin shows a decrease to 40 per cent. or less, sometimes as little as 12 per cent. 
The colour index is from 0:5 to 0-7. At some time during the illness there is a 
leucocytosis, never very great, rarely reaching 30,000 per c.mm., and at other times 
the number may be less than normal. A moderate increase is, however, more usual 
than a leucopenia. The feature of the blood film is the constant presence of 


myelocytes in numbers greater than those found in any other condition except 
leukemia, though never in the ratio common in that disease. An average percentage 
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of these cells is from 2 to 6 per cent. Nucleated erythrocytes are always present, 
sometimes in large numbers. The blood platelets are present in normal number and 
the fragility of the red corpuscles is not increased. 

Undoubtedly cases answering to this description are seen from time to 
time although they are much less frequent than twenty years ago, a fact 
for which no satisfactory explanation is forthcoming. The syndrome is 
indeed now a rarity, and during the last three years we have seen only four 
cases which we would unhesitatingly accept as falling in this category. 

It is interesting that the foregoing description differs considerably from 
that given by von Jaksch himself in his original paper’ published in the year 
1889. The anemia, he said, occurred not very infrequently and was 
associated with ‘ great swelling of the spleen, of the liver, of the glands and 
a persistent very remarkable leucocytosis (proportion of white cells to red 
1:20, 1:17, 1:12), nevertheless the examination of the sections shows no 
leukemia.’ The differential diagnosis from leukemia he described as 
follows: —‘* Blood findings, gland swelling, enlargement of the spleen are 
present in both affections. In leukemia the liver and spleen increase equally 
in proportion to their original volumes, in the affection described by me as 
anzmia infantum pseudoleukemica there is certainly a disproportion between 
the liver and spleen, in the sense that the volume of the liver is relatively 
less increased when compared with that of the spleen; further the liver is 
not, as in leukemia, palpable as a plump tumour with thick plump edges, 
yet nevertheless an increase in volume is definitely indicated by (the position 
of) its lower sharp border.” He regarded the prognosis as better than 
‘ at least I have observed an undoubted case which recovered.’ 
In the following year he reported* two further cases; one, a girl aged eleven 
months who died and at the autopsy no evidence of leukemia was found 
in the liver, spleen, kidneys or heart; the other, a child aged nineteen 
months, whose red cell count when first seen was 1,380,000 and leucocyte 
count 114,500 per c.mm. and who made a complete recovery. In this paper 
he stated that this anemia differed from leukemia in the almost complete 
absence of eosinophil cells. 


leukemia: 


It seems possible that he actually excluded cases which many would 
now regard as von Jaksch’s anemia. In his view anemia pseudoleukemica 
infantum could be distinguished from the anemia accompanying severe 
rickets by the slight leucocytosis and non-progressive character of this change 
in rickets; whereas now not a few authorities regard the presence of rickets 
as an important point in the diagnosis of von Jaksch’s anemia. In our 
opinion rickets is not characteristic of the von Jaksch syndrome, although 
of course both conditions may be combined in the came child; the occurrence 
of a nutritional anzmia is, however, quite possible in rickets, because a diet 
defective in one dietetic factor is likely to be defective in others. 


In neither of these two papers did von Jaksch mention the occurrence of 
nucleated red cells, or lay stress on the presence of the marrow series of 
white cells. The credit for the first description of the appearance of 
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nucleated red cells in the circulating blood in this syndrome is usually 
ascribed to Hayem. This is probably erroneous because, although Hayem 
drew attention to this occurrence in the blood of ‘a child suffering from 
anemia, he regarded the anemia as due to leukemia. Under the heading 
of * leukemia of the new born ’ he described® the case of a child aged ten 
months who had nucleated red blood cells in her blood and of whom he says 
that the alteration in the blood and the hypertrophy of the liver and spleen 
make it difficult to doubt that the case was otherwise than one of leukzemia, 
but that since he was unable to follow up the case, details of the after-history 
could not be given. He goes on to say that leukemia in the new born has 
peculiar characters, the white count being about 30,000, but the blood has 
the unique characteristic that it contains numerous nucleated red cells. This 
case may have been an example of the syndrome which von Jaksch had 
in mind, but Hayem certainly did not recognize it as such, nor did he appear 
to be aware of von Jaksch’s paper. Nevertheless, it is only fair to say that 
Hayem’s observations were published in the same year as the original paper 
by von Jaksch, and it may have been that Hayem’s work was published 
earlier in the year than that of von Jaksch. 

Far the best account of this syndrome given in these early days was 
that published in 1891 by Luzet'’, a pupil of Hayem. His description tallies 
very closely with the clinical picture we have described, and if the name of 
anyone is attached to this syndrome it should in all justice be that of Luzet. 
According to Luzet there is a form of anemia which is akin to, if not identical 
with, leukemia, to which the name of anemia pseudoleukemica infantum 
has been given, and in which there are splenomegaly, moderate leucocytosis, 
and large numbers of nucleated cells, many of which show mitosis, in the cir- 
culating blood. It is obvious that he also recognized the presence in the blood 
of immature cells of the marrow series, and he pointed out that in children 
suffering from this condition the hematopoiesis took on a foetal character. 
Further, he stated that cure might occur, or the leucocytosis increase and 
the condition change into a leukemia. He also described intermediate forms 
between this anemia and true leukemia the existence of which he regarded 
as evidence in favour of the identity of the two diseases. 

Cooley'’ who has made a special study of this anemia states that one of 
the best descriptions of it is given by Eppinger who emphasized its gravity 
and chronicity, the remarkable degree of splenomegaly, the moderate degree 
of enlargement of the liver, the appearance in the blood of numerous 
normoblasts and megaloblasts, the occurrence of a moderate leucocytosis and 
the frequent occurrence of cells of the marrow series. Eppinger regarded 
the disease as chronic, progressive and often fatal, and made no mention of 
any tendency to recovery. He apparently held the view that it was 
a secondary hemolytic anemia. 

One striking point of difference in the various descriptions of the disease 
relates to prognosis. Some writers regard the prognosis as good, others as 
bad. Again some writers describe a hyperchromic, others a hypochromic 
anemia. 
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An instance of the confusion which may be caused by the use of the 
term von Jaksch’s anemia is found in a recent paper by Akerrén’’ on 
primary anemic states in early infancy. One of his cases which was clearly 
an example of the hemolytic anemia following icterus gravis (erythro- 
blastosis of the new born), is described as showing a pronounced Jaksch- 
Hayem’s complex of symptoms; and in the paper on hemolytic anemia of 
the neonatal period there is described a case which, had it been seen in later 
infaney, would certainly have been accepted as an example of von Jaksch’s 
anemia. 

Again, although the syndrome has been called anemia infantum pseudo- 
leukamica we have had the experience so clearly described by Luzet of seeing 
a case which originally presented the signs and symptoms of this syndrome, 
eventually develop into an acute leukemia. In our opinion such cases are 
in all probability leukemic from the beginning, although it is possible that 
they ure examples of leukemia engrafted on the anzmia in much the same 
way as a malignant growth may arise from a focus of chronic irritation. 


It is obvious, therefore, that many additions have been made to the 
original description so that a clinical picture such as we have given has not 
a great deal in common with that drawn by von Jaksch, and thus 
the syndrome has come to include rather a heterogeneous and motley 
collection of anemias. Cooley has rendered great service by pointing out 
that amongst the various forms of anzmias, many of which he regards as 
* secondary anemias,’ reported as von Jaksch’s anzmia there is a special 


group to which he has applied the name of erythroblastic anemia of 
childhood. 

Erythroblasteemia of childhood (Cooley).—Other writers have suggested 
that this form of anemia should be called Cooley’s anemia, family 
hemolytic anemia (Wollstein and Kreidel'*), thalassemia or mediterranean 
anzmia (Whipple and Bradford''). The characteristics of this group are 
worth considering since cases have not been observed in this country although 
we venture to think that the condition would not have been regarded by 
British writers as von Jaksch’s anemia. These are:—an anemia with 
familial and racial tendencies and limited almost entirely to children of 
Syrian, Italian and Greek stock, which begins in infaney and runs a chronic 
and progressive course to a fatal termination. Splenomegaly is very marked 
and there is some degree of icteric discoloration of the skin. There may be 
progressive enlargement of the malar and cranial bones due to marrow 
hyperplasia which gives both characteristic radiographs and also a somewhat 
mongolian facial appearance. The red cells showed marked variation in size 
but less in shape, nucleated red cells are likely to be seen in unusual numbers, 
and megaloblasts are common. The anzemia varies from a moderate to a 
severe degree, and the colour index is usually low. Polychromasia and 
reticulocytosis are marked. Leucocytosis to about 20,000 cells per c.mm. is 
usually present; lymphocytes are likely to predominate, and myelocytes and 
other immature cells of the marrow series are usually seen. Platelets show 
no characteristic change. Fragility of the red cells is normal, and there is 
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evidence of increased hemolysis in a high icteric index and a positive indirect 
van den Bergh reaction. Following splenectomy a marked and sustained 
increase in nucleated red cells occurs. Urobilinogen and urobilin may be 
present in excess in the urine. 

































This form of anemia was originally regarded by Cooley as being 
hemolytic in nature and displaying a congenital diathesis allied to that seen 
in congenital hemolytic jaundice and sickle-cell anemia. In his latest 
article’’, however, he states that although hemolysis is a constant and 
important feature he no longer regards the disease as primarily hemolytic in 
origin in the same sense as congenital hemolytic icterus; rather he believes 
that the apparent relationship is greater to pernicious anemia and sickle-cell 
anemia, and that it is probable that the urge to put forth quantities of 
immature cells and the resultant hyperplasia of erythropoietic tissue is the 
result of a metabolic process which compels these tissues to make ‘ bricks 
without straw.’ If this thesis be correct Cooley’s anemia might also be 
classified under the deficiency anemias. The occurrence of a form of 
erythroblastic anemia in adult coeliac disease as described by Bennett, Hunter 
and Vaughan’"* is of interest in this connection, because it would appear to 
furnish evidence in favour of Cooley’s latest thesis. The erythroblastic 
anemia of coeliac disease, however, differs from Cooley’s anemia in that 
these authors were able to report a cure in one instance. 





Discussion of von Jaksch syndrome (subchronic hzmolytic anzmia). 


In our opinion it is advisable altogether to drop the use of the name of 
von Jaksch in describing this anemia for the following reasons: 

\ (1) He did not describe any clear cut or characteristic entity; neverthe- 
less it is only fair to say that when the clinical features described by Luzet 
are added to his meagre description a picture results which is similar to that 
regarded in this country as von Jaksch’s anemia. 

(2) Other writers, in recording what they thought von Jaksch described, 
have unconsciously added details to the syndrome with the result that more 
than one form of anemia has been included under this head. 

(3) The syndrome accepted by British workers as von Jaksch’s anemie 
shows many features undescribed by him, and in our opinion really represents 
a hemolytic anemia of a rather more chronic form than the group of sub- 
acute hemolytic anemias which has been considered above, 


Evidence of hzmolytic nature——The following case may be cited as 
evidence of our thesis that this syndrome is in reality a subacute hemolytic 
anzmia. 


Case 10—A. G., male, aged 9 months; breast fed for 2 weeks and after that 
given a cows’ milk mixture; was said to have been pale since he was 2 months old. 
On examination he was found to be a pale but not badly nourished child; there 
was some bruising on the head and legs; the abdomen was enlarged; the spleen 
showed marked enlargement reaching below the umbilicus, and the liver was 
palpable for 3 inches below the costal margin. The Wassermann reaction was 
negative, in child and mother. Radiographs of the skull and long bones did not 
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show any suggestion of the changes described by Cooley, nor any evidence of rickets. 
The child was given iron and yestamin, and was under observation for a period of 
two months. During this time a series of blood counts showed the changes 
consistent with those usually accepted as the von Jaksch syndrome. 


Date 14.9.32. 16.9.32. 5.10.32. 10.10.32. 18.10.32. 28.10.32. 


Red cells, per c.mm. ... 1,618,000 2,009,000 2,409,000 3,244,000 4,370,000 4,962,000 


Hemoglobin, p.c. ved 30 50 57 68 86 


96 


Colour index... ios 1:0 1:25 1:19 1-06 1:0 0:95 


Reticulocytes, p.c. ... 46 6 17-2 14 5 
per ¢.mm. 157,000 14,000 53,000 


Platelets, 


Leucocytes, 


5 i-7 


9 ” 6,000 12,000 22,000 15,400 15,000 29,400 


Myeloblasts, p.e. sae 0-3 0-5 0-3 


Myelocytes, 


” tee 1 1-6 


Neut. metamyeloc., p.c. 0-3 3-6 


polymorph. - 35-0 27-6 
” ” 1-3 1 
Lymphocytes, p.c.... 54-3 60-3 


[.osinophil 


Monocytes, 


Plasma & Tiirck cells, ,, 
Mast cells, ] 


53-6 
0-3 

30°3 
8-0 5 13-3 
1:3 
1 


‘9 


VC. oe 


Normoblasts, 


p.c. 


leucocytes 


Megaloblasts, 


Bsc. 


leucocytes 


The red cells varied from 1,600,000 to just over 5 millions; ihe white cells from 
6,000 to 29,000, the platelets from 14,000 to 163,000 per c.mm. The hemoglobin 
varied from 30 to 96 ner cent., and the colour index from 1-25 to 0-73. Normoblasts 
and megaloblasts were conspicuous features in the film during the first month in 
hospital and at one time reached 11,000 and 1,980 per c.mm. respectively. At this 
stage reticulocytes, which were always a feature during the first month in hospital, 
reached the high point of 17-2 per cent. Polychromasia, anisocytosis, punctate 
basophilia, and to a lesser degree poikilocytosis, were marked during this period, 
and megalocytosis was present. At the same time cells of the myelocyte type 
(myelocyte, metamyelocytes, myeloblasts) were evident and formed 5-5 per cent. of 
the white cells at the time when the erythroblastemia was most marked. On 
admission to hospital urobilinogen was present in excess in the urine, the clotting 
and bleeding times were normal, but there was a slight increase in the fragility of the 
red cells. On discharge from hospital the fragility had become normal. 


It seems to us that the hyperchromic anemia, the presence of a high 
reticulocytosis, of megaloblasts, of anisocytosis, polychromasia, poikilo- 
cytosis and punctate basophilia, of megalocytosis and finally the occurrence 
of an increased amount of urobilinogen in the urine, are changes which, 
although quite different from those found in the deficiency nutritional 
diseases of infancy, are typical of a hemolytic anemia with a marrow 
response. The clinical signs were also those accepted as typical of the von 
Jaksch syndrome. We admit that, since this child had been given iron, it 
could be argued that the reticulocytosis was the result of that drug and 
that therefore the condition was a nutritional anemia. On the other hand 
the coincidental hematological and urinary changes are strong evidence of 


7.11.32. 
5,490,000 
80 
0:73 


163,000 
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the occurrence of hemolysis, but of even greater importance is the fact that 
reticulocytosis to the extent of 6 per cent. was present before iron 
was exhibited, and such reticulocytosis could not possibly have occurred if 
a shortage of iron were present. The similarity of the blood picture, 
particularly in some of the subacute hemolytic anemias, both to Thursfield’s 
description of the blood changes quoted above, and to that in this case is, 
we submit, striking evidence in support of our conception that the syndrome 
is a chronic or subchronic hemolytic anemia. 


We have recently had under observation an infant of eleven months who 
developed the clinical and hematological pictures accepted as typical of 
the von Jaksch’s syndrome whilst in hospital, and in whom evidence that 
hemolysis had occurred was obtained by another method. 


Case 11.—A. A., was 11 months old when admitted to hospital on December 8th, 
1932. She was small but well nourished and occasional petechiw were seen. A few 
lymph glands were palpable; the liver was slightly, if at all, enlarged, and the spleen 
was just palpable. The red cells numbered 2,100,000 and the white cells 7,800 per 
e.mm. The hemoglobin was 42 per cent., the colour index unity, and only one 
reticulocyte was seen. The Price-Jones curve was normal (Fig. 1). Shortly after 
admission to hospital the abdomen became protuberant and the spleen enlarged until 
it reached to the iliac crest and almost to the middle line. The blood, as_ the 
accompanying lists show, had the cellular characteristics of anemia pseudo-!eukemica 
infantum. The Price-Jones curve moved to the risht towards the macrocytic zone 
(Fig. 2), and a definite megalocytosis developed. 


Date 18.12.32. 23.2.33. 20.3.33. 13.4.33. 
Red cells, per c.mm. RAR ae 2,170,000 3,220,000 1,200,000 4,340,000 
Hemoglobin, p.c._... ote ae 46 64 92 94 
Colour index ‘as xi es 1-09 1-0 1-1 1-08 
Reticulocytes, p.c. ... wii one 13°3 6:2 2-3 2-6 
Platelets — a ‘ne rn scanty 25,000 150,000 450,000 
Leucocytes, per c.mm. ‘ae a 15,450 14,700 11,600 10,600 
Myeloblasts, p.c._... ie cae 0-5 
Myelocytes, p.c. ie —_ ne 1 0-5 
Neut. metamyeloc., immature, p.c. 1-5 1-5 
os én mature, 93 18 0-5 1°5 
~ polymorph, p.c._... sin 34 33 20 29 
Eosinophil polymorph., p.c. =a 0:5 2 1 
Basophil polymorph., - a“ 0-5 0-5 
Lymphoblasts, p.c. ... i wo 0:5 2-5 
Lymphocytes, large, p.c. ... ‘on 30 50 53 51 
- small, ,, sa sie 21:5 8 13-5 7 
Monocytes, p.c. gai ie oes 7:5 1-5 0-5 12 
Plasma and Tiirck cells, p.c.... 2°5 1 1 
Normoblasts, p.c. leucocytes en 3 ‘ ] 1 
Macronormoblasts, p.c. leucocytes 4 12 3 
Megaloblasts, = “s 0:5 9 1:5 
Anisocytosis_... or oe or +++ ft tt +++ ++ 
Poikilocytosis is _ - ++ + 
Polychromasia ea ae sn +++ ++ + 


Punctate basophilia oer ont +++ 
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Fic. 3. —Drawings of blood cells, 


No. 16 and 26-42 from Case 11; von Jaksch anemia. No. 
1-15 and 17-25 from Case 6, Part [IV ; anwmia of late neo- 
natal period developing into picture of von Jaksch anwmia. 


Eosinophil leucocyte with a few 
basophil granules. 


2-12. Erythrocytes showing — aniso- 


20. 


and poikilocytosis, polychromasia 
and megalocytes : (2, a reticu- 
locyte). 

Mvelocyte. 

Plasma eell. 

Immature lymphocyte: nuclear 
oxy- and basi-chromatin, rather 
fine. 

Megaloblast : cytoplasm more 
grey and opaque than in cell 3. 

Megaloblast. 

Myeloblast. 

’ Myeloblast : nuclear texture very 
fine, but no nucleoli ; delicacy of 
nuclear structure unlike that of 
lymphatic cell. 

Normoblast. 


21. Histiocyte type of cell: hwemo- 
histioblast of Ferrata. 

22. Megaloblast. 

23. % Histiocyte. somewhat similar to 
cell 21. 

24. Normal lymphocyte. 

25. % Lymphoblast: heavier nuclear 
membrane and nucleer structure 
which, though fine, is coarser 
than cells 6 and 7; cytoplasm 
translucent. 

2H} and 27. Megaloblasts. 

28. Lymphocyte with immature nuc- 
lear structure. 

29. Normoblast. 

30. Megaloblast. 

31. Tiirek cell. 

32-42. Erythrocytes showing changes 
similar to cells 2-12; (cell 34, a 
reticulocyte). 
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Iron in the form of ferrous sulphate was administered during the first two 
months of this child’s stay in hospital, but in spite of the fact that a very definite 
reticulocytosis occurred, little if any improvement in the anemia followed, showing 
that although many new red cells were being formed they were being destroyed 
quite as rapidly, i.e., that a hemolytic process was keeping up the anemia. The 
reticulocytosis was certainly not due to the administration of iron for the following 
reasons :—(1) reticulocytosis did not occur until seven days after iron was started; 
(2) a ‘ reticulocytic kick ’ which is so characteristic of successful iron therapy, did 
not occur, i.e., a reticulocyte response appearing up to four days after administration 
of iron and gradually fading away a few days later; (3) reticulocytosis continued after 
the administration of iron had been stopped for fourteen days. An interesting event 
in this case is that when iron administration was stopped improvement commenced, 
and in spite of the subsequent development of an attack of measles, complete recovery 
occurred after the child had been five months in hospital. 

Further evidence in favour of our view of the origin of von Jaksch 
syndrome is that in two other ways it shows similarity to the acute and 
subacute hemolytic anemias. First, as has already been mentioned, the 
syndrome sometimes ends as an acute leukemia, and we have already 
described an example (Case 7) of exactly the same sequence in acute 
hemolytic anemia. Secondly, we have observed in the same child at two 
different periods the von Jaksch syndrome and a nutritional anemia, exactly 
as in some children with acute or subacute hemolytic anemia, nutritional 
anzmia has occurred during the period of recovery. 


Etiology and treatment.—We are quite in the dark as to the cause of 
this form of anemia; it is said to be more common in twins and is 
undoubtedly often associated with rickets. It is not due to rickets because 
it occurs in its absence, and there is no characteristic response to treatment 
with vitamin D. Syphilis has also been suggested as a factor, but the same 
remarks apply to it as to rickets. 


In view of our ignorance of etiological factors treatment has to be on 
general lines. Any dietetic or hygienic errors should be corrected and in 
severe cases blood transfusion may be helpful. Coincidental disease such as 
rickets, syphilis, or nutritional anemia, should of course receive appropriate 
treatment. Splenectomy has been recommended and practised in this 
country by Ashby and Southam" as a method of affording a more rapid 
cure. In view of the fact that the eventual prognosis is good, such 
drastic treatment appears too high a price to pay for a possible shortening of 
the illness. 


Prognosis.—The prognosis of this form of anemia is good. Recovery 
nearly always takes place, although the illness may be lengthy. Death from 
intercurrent disease is, of course, always a possibility. It is also possible 
that the marrow portion of the erythron may ultimately cease to regenerate, 
either from fatigue or from the effect of the factor which is producing 
hemolysis: in other words, an aplastic anemia may develop and death result. 
We have not encountered this sequence of events, but in view of what may 
happen in other forms of erythronoclastic anemia we believe that the 
possibility should be borne in mind, 

D 
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Group 4.— Other forms of haemolytic anzemia. 


There are two other forms of hemolytic anemia which may be 
encountered in infancy and childhood :—(a) sickle-cell anaemia, and (b) that 
disease which is described under the various titles of congenital or acquired 


hemolytic jaundice, acholuric family 
cholzmia. 


congenital malformations of the erythron. Sickle-cell anemia which 


almost entirely confined to the negro races has never been recorded in 


England. 


jaundice and congenital family 
Both these forms of anemia are regarded by Boycott as 
> . 2 


is 


We do not propose to enter here on any detailed discussion of acholuric 
family jaundice and would only refer to two or three points concerning the 


disease. 


It appears to us that apart from the familial and hereditary nature 


of the disease there is a sort of gradation from the acute hemolytic anzmias, 
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Fic. 4.—Price-Jones curve in acholuric jaundice, showing microcytosis and 
anisocytosis. 


through the subacute and subchronic forms, to this, the most chronic of 
the hemolytic anemias. It differs from the other forms of hemolytic 
anemias in that whilst anisocytosis, macrocytosis and microcytosis are 
characteristic of them, anisocytosis with microcytosis is characteristic of 
acholuric jaundice, as is shown in the Price-Jones curve of one of our cases 


reproduced here (Fig. 4). This feature of acholuric jaundice was stressed by 


Gannslen, but it is worthy of note that a few macrocytes are sometimes 
present. Even more important than the microcytosis is the fact that the 
cells are more globular than normal and therefore when the volume of packed 


cells is estimated in the hematocrit they show a higher volume index than 
normal, 
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Another difference from the other forms of hemolytic anemia is that 
whilst the fragility of the red cells is usually normal in them, fragility in 
acholuric jaundice is usually increased, although both these statements are 
subject to exception. For instance, we have recorded above one case 
(Case 1) of acute haemolytic anemia in which the fragility was increased, 
and we have met one case of acholuric jaundice in which fragility was normal. 
The occurrence of normal fragility in acholuric jaundice was pointed out by 
Dawson'*, and our colleague A. P. Thomson informs us that he has observed 
the fragility in such a case increase after splenectomy. It is important to 
recognize that in acholuric jaundice there are always some cells that are 
more resistant to saline solutions, although there are many that are less 
resistant, the really important observation being, as pointed out by Hillier’’, 
that :n this disorder the range of fragility is increased. 


Probably the reason why jaundice is so much more conspicuous in 
acholuriec jaundice than in other forms of hemolytic anemia, is because in 
it there is not only a more constant but also a greater destruction of red cells. 
This is due to the fact that here the marrow is always active and turning 
out more cells than normal; whereas in, for instance, the acute hemolytic 


angzmias, the marrow may be completely paralysed during the period of 
hemolysis. 


Summary. 


In a review of the hemolytic (erythronoclastic) anemias of later infancy 
and childhood nine cases of acute hemolytic anemia of Lederer, and fow 
cases of subacute haemolytic anzmia have been discussed, and emphasis has 
been laid on the necessity of regarding these syndromes as a destructive 
disease of the erythron and not of the red blood cells alone. 


It has also been stressed that the same disease may affect not only the 
erythron but also the myeloid and platelet systems. 


The co-existence of nutritional, with acute or subacute hemolytic 
anzmia in the same individual, has also been described. 


Finally, it is recommended that the title ‘ von Jaksch’s anemia ’ should 
be discarded and the thesis has been brought forward that the syndrome 
which has been regarded in Britain as an anemia of this type is really a rather 
chronic form of hemolytic anemia. 
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GASTROMEGALY IN CHILDREN 


BY 


HUGH G. GARLAND, M.D., M.R.C.P., 
AND 


B. S. PLATT, M.B., M.Sc., Pu.D. 
(From the Children’s Department, General Infirmary, Leeds.) 


Gastromegaly associated with chronic duodenal ileus has been described 
for nearly a century and though there is now a considerable literature on the 
subject it is still in some countries largely unrecognized. In France it is 
considered to be a common and important cause of dyspepsia, but it receives 
scant attention in this country. 

The causes, and suggested causes, of chronic duodenal ileus are 
numerous. They vary from congenital megaduodenum and obstruction by 
a congenital abnormality in the arterio-mesenteric band (the root of the 
mesentery carrying the superior mesenteric vessels), to autonomic imbalance ; 
but probably congenital and inflammatory bands constitute the commonest 
causes in children. Most of the English literature on duodenal stasis comes 
from Wilkie' in the case of adults, and from Miller and Gage® * who have 
made an extensive survey of recorded cases in children. The latter authors 
first drew attention to the association of gastromegaly and chronic duodenal 
ileus in 1930, following this up with a further communication in 1932. They 
consider that an accurate clinical diagnosis of the condition is possible and 
stress the striking improvement of these cases under medical treatment; they 
consider arterio-mesenteric obstruction to be the most important factor. 

The clinical picture painted by Miller and Gage is as follows. The child 
shows refusal of food from an early age together with vomiting, often forcible 
in type; the vomitus may or may not be bile-stained and it contains excess of 
mucus. Vomiting becomes more troublesome in the second year and tends 
to occur in attacks with pyrexia, prostration and diarrhoea; there is 
frequently anorexia between attacks. Physical development is retarded, 
though stunting in height is not a prominent feature; the abdomen is 
protuberant and there may be visible gastric peristalsis. Radioscopy shows 
a large stomach with delayed emptying and a well-filled duodenal cap. The 
condition improves considerably when treated with frequent, small, dry meals 
together with alkalies, and it tends to disappear spontaneously about the 
fifth year. 

We record here two cases which have been under the care of Dr. C. W. 
Vining. One of them died, and the other showed striking improvement 
under medical treatment. 
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Case 1.—Maurice S., a full-time baby, was breast-fed for 9 months. Frequent, 
forcible vomiting occurred from birth, immediately or shortly after food, the vomit 
being usually yellow and presumably bile-stained. Associated with the vomiting were 
attacks of abdominal pain with drawing-up of the legs, and occasionally there were 
attacks of diarrhoea with slimy stools alternating with attacks of severe constipation. 
In spite of these disturbances the child was robust and gaining in weight. In 
November, 1928, he was admitted to the surgical department of the Leeds General 
Infirmary on account of abdominal pain, vomiting and tetany, but apart from some 
evidence of rickets examination was negative. From this time onwards he had 
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Fig. 1.--Case 2. Opaque meal: stomach 40 minutes after ingestion. 


attacks of vomiting of increasing frequency, which were preceded by flushing of 
the face and accompanied by pyrexia. An attack of vomiting began on November 
5th, 1930, and tetany developed within twenty-four hours, accompanied by hiccough, 
a feature emphasized by Miller and Gage. As the vomiting continued for two days 
he was admitted to the Leeds General Infirmary where he was examined by one of 
us (B.S.P.). There was marked cyanosis, the pulse being rapid and feeble. Carpo- 
pedal spasm affected the two sides of the body alternately and Chvostek’s sign was 
present. Continuous move:nents of a fibrillating nature were felt in the epigastrium. 
The tetany and cyanosis were relieved by the administration of a mixture of oxygen 
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with CO, (5 per cent.), together with parathormone; but in spite of this the patient 
died suddenly two hours after admission. 

An autopsy was carried out the following day by one of us (H.G.G.). Some 
degree of carpo-pedal spasm remained. On opening the abdomen the stomach was 
found to be injected, enormously dilated and contained a large quantity of bile- 
stained food mixed with excess of mucus. The mucosa appeared normal and there 
was no pyloric obstruction. The duodenal mucosa was bile-stained; the greater part 
of the duodenum was greatly dilated and approximately at the duodeno-jejunal 
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Fic. 2.—Case 2: eighteen months later than Fig. 1. Opaque meal : 
stomich 40 minutes after ingestion. 

junction there was an incomplete obstruction of the lumen which was easily overcome 
by a current of water. This obstruction was due to a tight band formed by the root 
of the mesentery and which, on section, was found to contain the superior mesenteric 
vessels. Distal to the obstruction the small intestine was collapsed and injected; 
the colon appeared normal. The spleen showed a few subcapsular hemorrhages and 
all the other organs were normal to the naked-eye. 


Case 2.—Stewart, H., was first seen in January, 1931, when he was nearly two 
years old. He was a full-time, breast-fed baby. From the seventh month onwards 
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he had been subject to attacks of an indefinite nature and described by the parents 
as being like ‘a faint without loss of consciousness ’; he became pale and suffered 
from profuse diarrhoea and later began to vomit. He had had four such attacks 
at intervals of some months, but at more frequent intervals there had been attacks 
of less severe diarrhoea and vomiting, alternating with periods of constipation. He 
failed to put on weight and frequently complained of stomach ache. 

On examination he was found to be underweight, but apart from a _ rather 
protuberant abdomen nothing abnormal was discovered. X-ray examination showed 
marked dilatation of the stomach (Fig. 1) with considerable delay in emptying. A 
provisional diagnosis of chronic duodenal ileus was made and he was treated with 
alkalies and given small, dry meals. He was re-examined after 18 months in August, 
1932, when he shewed marked improvement; he had gained weight, the stools were 
quite normal, there had been no further vomiting and the child looked well. He 
was X-rayed for the second time in September, 1932, when the stomach was still 
seen to be dilated but to less an extent (Fig. 2). The improvement in health has 
been maintained up to the present time. 


Discussion. 


The first of these cases is an undoubted example of chronic duodenal ileus 
and gastromegaly due to arterio-mesenteric obstruction. The case is striking 
on account of the good health enjoyed by the child between the attacks and 
for the fatal termination. The second case we consider to be an example of 
the same condition which is responding well to medical treatment. 

Gastromegaly due to duodenal stasis is an important and probably fairly 
common condition in children which should be treated medically, but if the 
attacks fail to clear up under such treatment duodeno-jejunostomy is 
probably advisable. The success of medical treatment apparently depends 
on the prevention of dilatation of the stomach by large meals, as_ the 
downward drag increases the duodenal obstruction. In the event of a 
severe attack of vomiting gastric lavage should be carried out and 
tetany should be treated with parathormone; if the attack persists in 
spite of such treatment operation may have to be undertaken at once. A 
fatal termination is probably unusual, but the condition is serious, and many 
cases no doubt masquerade under such titles as cyclical vomiting, migraine, 
nervous dyspepsia or visceroptosis. 


We wish to thank Dr. C. W. Vining for permission to use the notes of 
these cases. 
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PLASMA PHOSPHATASE IN RICKETS 
AND OTHER DISORDERS OF GROWTH 


BY 


JEAN SMITH, M.D., M.R.C.P., 
Assistant Physician to the Infants Hospital, and the Princess Louise Hospital 
for Children, London. 


Investigations carried out in 1931-32 revealed that the plasma 
phosphatase is increased in active rickets', the degree of increase 
corresponding to the severity of the disease. They also showed that, whereas 
the serum calcium and phosphorus rapidly returned to the normal amount 
under treatment, the decline in the figures for phosphatase was much more 
gradual, normal values not being regained until the healing process was 
complete. 

It has long been recognized that radiological proof of the presence of 
rickets is only obtained at a fairly advanced stage of the disease, and the 
present investigations were undertaken to ascertain what changes, if any, 
take place in the plasma phosphatase in children taking a rachitogenic diet 
before such radiological evidence is forthcoming, and the effect of anti- 
rachitic treatment in such cases. The method used was a modification of 
Kay’s method as described in an earlier paper’. 

The infants on whom these investigations were carried out were classed 
in the following groups :— 

Group 1. 10 healthy breast-fed infants. 

Group 2. 18 infants on artificial food with added fat-soluble vitamins. 

Group 3. 16 infants with radiological evidence of rickets. 

Group 4. 10 infants on rachitogenic diets. 

Group 5. 15 infants with various conditions associated with cessation 

of growth. 

All the children were seen at frequent intervals, weekly or fortnightly, 
and were examined for the usual signs of rickets (sweating, flabbiness, 
anemia, delay in dentition, closure of fontanelle and sitting up). They 
were also radiographed at frequent intervals to detect any changes at the 
epiphyses or costochondral junctions. 


Group 1.—The ages of the 10 healthy breast-fed infants in this group varied 


from 6 to 8 months. The average plasma phosphatase was 0-248 units, with a range 
of 0-2 to 0-3 units. 


Group 2.—The 13 infants in this group were fed on artificial foods, but with the 
addition of cod-liver oil (or preparations containing vitamins A and D), and orange 
juice. With two exceptions who were 12 and 11 months old respectively, the ages 
of these infants were between 4 and 8} months, the average being approximately 
7} months. The average plasma phosphatase in this group was 0:3 units, with a range 
of 0-2 to 0-36 units: that is, practically the same as in the healthy breast-fed infants 
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of Group 1. Of these 13 cases, 5 had been fed on condensed milk, 2 on full-cream 
dried milk, and 4 on humanized dried milk, and 2 on boiled cow’s milk. 

Group 3,.—There were 16 cases of radiological rickets constituting this group. 
As might be expected, the age of these children was higher than that of the two 
previous groups. The youngest was 5 months, the oldest 2 years and 8 months, and 
the average age was 18 months. The plasma phosphatase ranged from 0-41 to 1-29 
units, with an average figure of 0-:772 units. 

These results demonstrated that the plasma phosphatase of infants on 
artificial foods with added vitamins was approximately the same as that of 
healthy breast-fed infants, but was greatly increased where radiological 
evidence of rickets was present. It was, therefore, decided to estimate the 
phosphatase in a group of infants fed on rachitogenic diets before radiological 
signs of rickets could be recognized. 

Group 4.—Ten infants on rachitogenic diets were investigated. Their ages 
varied from 3 to 125 months, with an average of 7 months. 

The feeding in these cases was as follows :—Case 1 at the age of 12} months was 
still entirely breast fed. Cases 2, 6, 7, 8 and 10 were fed on condensed milk, either 
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Fic. 1.—Cases 4, 6 and 8: showing abnormally high 


phosphatase and the fall on administration of cod-liver oil. 


(see Table 1). 
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from birth or after very brief breast feeding. Cases 4, 5 and 9 were fed on humanized 
dried milk, and Case 3 on full-cream dried milk. None of these cases had received at 
any time additional fat-soluble vitamins in any form, although orange-juice had been 
given. ‘ 

The average plasma phosphatase figure for this group was 0:52 units, with a 
range of 0-40 to 0-702 units; that is, roughly 2) times the value in the average 
healthy breast-fed infant. 

Addition of fat-soluble vitamins to rachitogenic diet (Table 1),—These 
investigations, therefore, appeared to prove that the average plasma 
phosphatase in a group of infants on rachitogenic diets was approximately 
2) times that of normal breast-fed infants, and nearly twice that of a group 
of infants receiving additional fat-soluble vitamins, the average age of all 
three groups being 7 to 74 months. 

It was therefore decided to watch the effect on the plasma phosphatase 
of adding fat-soluble vitamins to the rachitogenic diet of the infants in 
Group 4. No other change was made in the diet during the period of 
observation. The results of these investigations are shown in Table 1 in 
which it is seen that in every case the addition of fat-soluble vitamins A and 
D was followed by a marked fall in phosphatase. The fall in the phosphatase 
was most rapid in those instances (Cases 4, 6 and 7) in which the initial values 
were highest: but this may be mere coincidence. 

In Case 4, owing to the mother’s over-anxiety, more than the prescribed 
dose of cod-liver oil was given, probably more than the rate of growth 
demanded. The result was that the plasma phosphatase fell to below normal 
limits (0°135 units). 

In Case 3, after an initial fall, there was a temporary rise in the plasma 
phosphatase. This is probably to be correlated with the rapid growth which 
took place at this period, rendering the amount of cod-liver oil given at the 
time relatively inadequate. At all events, the slowing of the rate of growth 
after this period corresponded to a permanent fall in the phosphatase 
although the dose of cod-liver oil remained the same. 

In three instances (Cases 2, 3 and 4) calcium gluconate was given as well 
as cod-liver oil, but as these did not behave differently from the other cases 
treated by cod-liver oil alone, their improvement cannot be attributed to the 
calcium gluconate. 


Rachitogenic diet without fat-soluble vitamins.—As it had been found 
that in infants fed on a rachitogenic diet the phosphatase was increased 
although no radiological signs of rickets were present, and that this high 
figure could be reduced to normal limits by the administration of fat-soluble 
vitamins, it was determined to investigate the effect on the phosphatase of 
continuing the diet while withholding the additional vitamins (Cases 9 
and 10). In both instances, as long as the child was deprived of the vitamins, 
the plasma phosphatase continued to rise, and in both the administration of 
cod-liver oil was followed by a fall of the phosphatase to within normal limits 
(see Table 1). 

The increase in the plasma phosphatase in Case 8 was present as early 
as the third month, in Case 9 at four months, and in Cases 2 and 4 during 
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the fifth month. These facts point to the conclusion that to prevent rickets 
additional fat-soluble vitamins should be given to all infants fed artificially 
within a few weeks of birth. 


TABLE 


1. 


PLASMA PHOSPHATASE: EFFECT OF ADDING FAT-SOLUBLE VITAMINS TO RACHITOGENIC DIETS. 





} 


Case Date 


Plasma 
phosphatase 
in units 


Fat-soluble vitamins (daily doses) 





1 | 16.11.31. 
| 16. 2.32. 
16. 3.32. 
29. 3.32. 





. 3.82. 


24. 4.32. 


20. 5.32. 


13. 6.32. 





0:440 
0:272 
9-318 
0-243 


0:42 
0-40 
0°381 
0°336 





8 | 28. 2.82. 
29. 3.32. 

19. 4.32. 

24, 5.32. 

7. 6.32. 
7.32. 
6. 9.32. 
24.10.32. 
5.32. 

7. 6.32. 
6.32. 


| 15. 9.32. 


5 24. 5.32. 
13. 9.32. 


6 | 138. 6.32. 


5. 7.82. 
7. 7.32. 
6.10.32. 


25. 6.32. 


19. 7.32. 


13. 9.32. 


. 3.32. 
19. 4.32. 
4. 6.32. 


9 | 12. 7.82. 
|. 10, 8.82. 
6. 9.32. 

20. 9.32. 


10 | 17%. 5.82. 
| 81. 5.82. 
| 98.6.32. 
| 9. 8.82. 
| 13. 9.82. 


0-702 
0:622 
0-500 
0:648 
0°642 
0:50 

0-480 
0°32 


0-655 
0528 
0-307 
0-155 


0:465 
0:305 


0°51 


0-312 
0°35 
0°33 


0-569 
0:294 
0°33 


0:40 
0:293 
0-300 


() 845 
0:42 


0°557 
0-20 


0:3 
0°36 
0:420 
0:33 
0:219 


Cod-liver 


Cod-liver 





oil, 1 drm. 


99 99 


», 8 drm. 


$93 99 
oil, 15 drm. + calcium gluconate, 1 dr. 
7 7° :° 99 %9 


5, 3 drm. 


oil, 15 drm. 
», 24 drm.+calcium gluconate, 1} drm. 


%9 99 


$3 99 


,. 3 drm. 


%9 %° 
3.3 99 
3° 99 


Ostelin, 12 min. + calcium gluconate, 1} drm. 


Cod-liver 
9 


$9 


Cod-liver 


99 


Cod-liver 


Adexolin, 


Cod-liver 
Ostelin, 


oil, 15 drm. 
s;° s° 


,, 6 drm. for past 8 weeks. 


oil, 15 drm. from 2.6.32. 


9° 9° 


oil, 13 drm. 
., 8drm. (from 21.6.32.) 


99 99 
99 bh) 
3° 3° 


9 min. 


oil, 15 drm. from 8.3.32. 


9 min. 


99 12 99 


No added vitamins 


Cod-liver 


99 


99 
oil, 13 drm. 


9 99 


No added vitamins 


99 


Cod-liver 


99 


oil, 13 drm. 

















PLASMA PHOSPHATASE 219 


It would appear, therefore, that assuming other conditions associated 
with abnormally high plasma phosphatase can be excluded (healing 
fractures, jaundice), this feature may be taken as an indication that the 
demands made by growth are excessive. The need is probably variable, the 
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Fic. 2.—Cases 9 and 10: phosphatase rises as long as fat- 
soluble vitamins withheld and falls’ rapidly on 
administration of cod-liver oil (see Table 1). 


amount of fat-soluble vitamin required for perfect bony growth depending 
on the rapidity of the growth of the child. It has long been recognized that 
} the child who develops rickets is the rapidly growing child whose diet 
contains insufficient fat-soluble vitamins, or the child who does not make use 
of them (as in coeliac disease) and yet continues to grow. 





Plasma phosphatase in retarded growth.—For the purpose of comparison 
P with the above results, estimations of the plasma phosphatase were made in 


a further group of infants, each of whom showed complete cessation 
of growth, 
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Group 5.—This group included 8 cases of scurvy, 3 of severe marasmus, 2 of 
coeliac disease, 1 of achondroplasia, and 1 of cretinism. Their ages varied from 4 
months to 2} years. 

The average value for the plasma phosphatase in this group was 0-148 units, with a 
range of from 0-108 to 0-192 units. The estimations on the cases of scurvy were 
made immediately on admission, and in the case of two of them with sub-periosteal 
hemorrhages, before any calcification had taken place. This process has been shown 
elsewhere to be associated with a rise in the plasma phosphatase. 

Plasma phosphatase as a criterion of rickets.—Park’® has pointed out 
that readings of the serum calcium and phosphorus are not true criteria of 
the presence or absence of rickets unless the rate of growth is also taken into 
account. This is because the occurrence of rickets depends on a disturbance 
of the ratio between the rate of growth and the amounts of serum calcium 
and phosphorus. Moreover, the institution of anti-rachitic treatment causes 
a rapid return of the calcium and phosphorus values to normal. This occurs 
several weeks before the bones appear normal by radiography, in itself 
but a crude test of bony changes. 

These facts prove that estimations of the serum calcium and phosphorus 
are of no great value as a test for the presence or absence of rickets; and 
it is probable that the plasma phosphatase is a much more sensitive and 
accurate index of abnormal bone metabolism in this disease. 


Conclusions. 

(1) The average plasma phosphatase of 10 normal breast-fed healthy 
infants was found to be 0:248 units with a range of from 0-20 to 0°3 units. 

(2) The plasma phosphatase of a group of healthy infants fed on 
artificial foods, but with additional fat-soluble vitamins A and D and with 
water-soluble C, ranged from 0:20 to 0:36 units, with a mean value of 0-30 
units, i.e., approximately the same as that of healthy breast-fed infants. 

(3) The plasma phosphatase is increased in active rickets. In a group 
of 16 cases of radiological rickets the figures varied from 0-41 to 1:29 units 
with an average of 0°772 units. 

(4) In a series of infants fed on artificial foods but not receiving extra 
fat-soluble vitamins, the average plasma phosphatase was 0-52 units with 
a range of 0°40 to 0:702 units. As long as these vitamins were withheld the 
plasma phosphatase increased, and when these were added the values fell 
to within normal limits. 

(5) Conditions characterized by cessation of growth, such as cretinism, 
scurvy and achondroplasia, are associated with an abnormally low plasma 
phosphatase. 

(6) All infants fed on artificial foods should be given additional 
fat-soluble vitamins within a few weeks of birth. 


I wish to thank Dr. Eric Pritchard, the Medical Director and the Staff 
of the Infants Hospital for facilities given for this work and permission to 
investigate cases under their care, and Professor Robison for his kind interest 
in the preparation of this paper. 
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THE NORMAL HAMOGLOBIN LEVEL 
DURING THE FIRST YEAR OF LIFE: 
REVISED FIGURES 


BY 


HELEN M. M. MACKAY, M.D., M.R.C.P. 
(From the Queen’s Hospital for Children and the Mothers’ Hospital, London.) 


Since slight grades of anemia in infancy increase the susceptibility to 
infection’, it is desirable that clinicians should be able to recognize these 
minor deviations from the normal hemoglobin level, and consequently a 
standard for normal physiological percentages is of obvious value. For this 
reason the author published in 1931 a suggested ‘ normal hemoglobin curve 
for the first year of life ’’ giving hemoglobin percentages for the blood of 
infants for each month of age up to 12 months. It was then pointed out that 
the figures would require modification should evidence be forthcoming, for 
example, that our technique gave values that were too low. Such evidence 
is now available, hence a revised curve is shown in this paper. The original 
curve contained no values for the first two weeks of life when, as is well 
known, the normal hemoglobin percentage of infants is dropping rapidly, 
and figures for the Ist and 8th day of life are now added. The ‘ average 
hemoglobin values,’ similarly revised, based on large numbers of breast-fed 


and artificially fed London babies, are shown on the same chart for purposes 
of comparison. 


The Price-Jones—Haldane hzemoglobinometer standard.—The hemoglobin 
estimations on which the figures are based were made throughout with a 
Haldane hemoglobinometer, which is widely used in this country. The 
accuracy of this colorimetric method with a properly standardized Haldane 
tube was shown by Price-Jones* in 1931, as follows:—The hemoglobin 
content of the blood of 20 men was simultaneously determined by the 
following three independent investigators: (1) by Dr. Price-Jones using one 
of the original Haldane hemoglobinometer tubes prepared about 30 years 
ago; (2) by Dr. G. P. Wright by the ferricyanide method; and (3) by 
Professor D. B. Hill using the Van Slyke method. Translated into terms of 
oxygen capacity in cubic centimetres per 100 c.cm. of blood, the average 
values obtained by the three methods were as follows: —Van Slyke’s method, 
20°67 c.cm.; ferricyanide method, 20°20 c.cm.; Haldane’s hemoglobinometer 
method, 20°8 c.cm.; or in terms of the clinical standard the hemoglobin 
percentages were: 111:8, 109-2 and 112-25 per cent. respectively. It will be 
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seen that the average values obtained with the hemoglobinometer and by the 
Van Slyke method differed by less than 0-5 per cent. The hemoglobinometer 
estimation was made from capillary blood, and the chemical estimation from 
blood from a vein. 

Price-Jones has himself recently prepared a standard solution of blood 
for use in what may be called the Price-Jones—Haldane standard, and this 
he finds accurately matches the original Haldane standard of 32 years ago 
(personal communication). Unfortunately, however, during the intervening 
period there have been numerous standard tubes on the market which have 
differed considerably from the original, although, like the original, 100 per 
cent. on the tube was said to correspond with an oxygen capacity of 
185 c.cm. per 100 c.cm. of blood. The whole of the author’s work on 
‘ nutritional anemia in infancy,’ published in 1931, was based on one of 
these standard tubes which was of a darker tint than the Price-Jones—Haldane 
standard (see Table 1). Since Price-Jones’ standard has been so thoroughly 

TABLE 1. 


COMPARISON OF HEMOGLOBIN VALUES OBTAINED WITH H-ZEMOGLOBINOMETER PREVIOUSLY 
USED AND WITH PRICE-JONES—HALDANE STANDARD TUBE. 





Standard tube 








e Iran To « ‘ > 

previously used by a ea — a 
: _ a author : F ee ee 100°, on author’s 

Hb. % of Hb. % — previous standard 

estimations estimations 
Author’s blood 916 | 24 98-2 24. +t 72% 
Infants under 24 | 135-6 s7* 145°8 29* + 75% 
hours old | 

Infants on 8th | 121-7 33* 130-8 23* + 7-5% 


day of life 





* In comparing the two methods in infants of the same age, different sets of 
cases were used. 


checked, it is to be hoped that all new standard tubes put on the market 
will conform to his. That the colour matching can be done with considerable 
accuracy is shown in the figures mentioned above, as well as in the last 
column of Table 1 showing three sets of comparative hemoglobin estimations 
using the darker standard tube and the Price-Jones—Haldane standard tube 
respectively. The average values of the readings obtained by the two 
methods differed in one set of estimations by 7-2 and in the other two by 
7-5 per cent. Nevertheless, in the author’s experience, two estimations made 
from two pricks in the same individual (e.g., from two fingers), on the same 
occasion may differ by as much as 5 per cent., though usually by not more 
than 1 to 3 per cent. In dealing with babies it should also be remembered 
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that the values obtained from a prick in the heel differ from those obtained 
from a prick in the ear'. The estimations upon which the curves in this 
paper are based were obtained from a prick in the heel. 


Proposed standard haemoglobin curve.—Graph I and Table 2 show 
(a) the proposed standard normal hemoglobin curve for the first year of life; 
and (b) the average values obtained for breast-fed and bottle-fed babies 
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GrapH I.—The ‘ normal’ and the ‘ average’ 
hemoglobin levels during the first year of 
life, in terms of the Price-Jones—Haldane 
standard. 


respectively; all figures being revised to conform to the Price-Jones—Haldane 
standard. To do this 7 per cent. was added to each figure previously 
obtained; thus to 70 per cent. there would be added 4-9 per cent., and to 
120 per cent. there would be added 8:4 per cent., and so on. 
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The technique for obtaining and estimating the blood, as well as the 
data on which our previous curves were based, were described and discussed 
in 1931. 

The new figures added are for babies under 24 hours old, and on the 8th 
day of life. These were obtained from healthy babies born in the Mothers’ 

: ae sa ARO a 
Hospital, London. These babies varied in birth weight between 5{ and 9} Ib. 
The figures given for the ‘ average ’ hemoglobin level in breast-fed babies at 
birth and on the 8th day of life include babies weighing 5 lb. odd at birth. 
The figures given for the ‘normal’ at these ages is for babies weighing 6 Ib. 
and upwards at birth. 5-lb. babies show hemoglobin levels considerably 
above the average, hence the normal birth value is about 3 per cent. less 
than the average birth value. 


TABLE 2. 


. NORMAL , AND *° AVERAGE x HEMOGLOBIN VALUES IN TERMS OF THE 
Price-J ONES—HALDANE STANDARD. 





‘ Average’? hemoglobin values 
s 
‘ Normal |- 


Age hemoglobin Breast fed Botile fed 
values | Hb. % No of cases Hb. % No of cases 
Under 24 hours 143 per cent. 145-7 62 =e _ 
8th day ... ...| 130 ,, 131-4 55 — _ 
$— 1 months ... 106 sa 105°6 84 — — 
ie 3 = oak 88 Pe 83:5 120 £0-0 42 
2— 3 ne aa 74 - 731 123 69-4 99 
3— 4 si Pee 77 i 74-4 103 71:0 111 
4— 5 - vas Sl * 78:2 92 74-3 114 
5— 6 ” 86 as 78:2 86 735°8 116 
6— 7 86 , 778 67 74-5 113 
7— 8 a wae 86 én. 76°4 61 73-5 115 
8— 9 * ae 86 = | 73:9 65 73:2 100 
9—10 Pm one | 86 99 74-6 60 22 85 
10—11 ‘ cae 86 es 72:8 59 70-7 74 
11—12 es saa 86 i 73:1 55 70-1 66 
12—13 os aie 86 = 73-9 47 69-1 58 
13—14 os re 86 - 76°4 37 70-4 35 
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The figures given for normal values after the first week of life were 
obtained as follows: the values at }-1 month, 1-2 months and 2-3 months 
were averages for groups of breast-fed babies living in their own homes; 
those for 3-4 months of age and upwards were based on hemoglobin values 
obtained with iron treatment, because it was assumed that these values more 
truly represented the optimum or normal than the lower values obtained at 
this age from babies without iron treatment. 


Summary. 


Figures are given for a proposed standard normal hemoglobin curve 
for the first year of life. These are based for the most part on work already 
published by the author, but have been recalculated to conform with readings 
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obtained by the Price-Jones-Haldane haemoglobinometer standard tube. 
New figures are given for babies under 24 hours old and for the eighth day 
of life (Table 2 and Graph I). 

A set of figures have also been given in Table 2 showing: (1) the average 
hemoglobin values for breast-fed babies; and (2) the average hemoglobin 
values for artificially-fed babies. 


The work on which this paper is based was undertaken with the help of 
a personal grant from the Medical Research Council, to whom the author 
offers her sincere thanks. Her thanks are also due to the resident medical 
staff and nursing staff of the Mothers’ Hospital for their assistance in the 
investigation of the hemoglobin level in new-born babies. 
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